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PREFACE 

On July 27, 1994, Energy Secretary 
Hazel R. O ' Leary asked the Nat ional 
Petroleum Council (NPC) to conduct a new 
study of research,  development , and 
demonstration (RD&D) needs of the U.S. oil 
and gas industry. Spec ifically, she re­
quested: 

that the National Petroleum Coun­
cil conduct a study of research, 
development, and demonstration 
needs of the natural gas and oil 
industry. This study should ana­
lyze the needs of all components 
of the industry; cons ider ing the 
near- and long-term needs of 
both the upstream and down­
stream sectors. 

(See Appendix A for the complete text of 
the Secretary's request letter and a descrip­
tion of the National Petroleum Council.) 

The NPC established the Committee 
on Research and Development Needs to 
prepare a proposed response to the Secre­
tary's request. The Committee was chaired 
by W W Allen, Chairman of the Board and 
Chief Executive Officer, Phillips Petroleum 
Company. Patr ic ia Fry Godley; Ass istant 
Secretary, Foss il Energy, served as the 
Committee's Government Cochair. The 
Committee was assisted by a Coordinating 
Subcommittee and two Task Groups. (See 
Appendix B for ros ters of the Committee, 

Coordinat ing Subcomm ittee,  and Task 
Groups.) 

The study analyzes the needs of the in­
dustry; considering the near- and long-term 
needs of both the upstream and down­
stream sectors. The scope encompasses 
natural resource identification through the 
output of the refmery and the gas process­
ing facilities. In addition, the study exam­
ines the relevant capabilit ies and role the 
nine national laboratories and the National 
Inst itute for Petroleum and Energy Re­
search (NIPER) 1 could play in providing 
technical and sc ientific support to the in­
dustry:2 The role of other public and pri­
vate labs also is discussed. 

In addit ion to presenting information 
on the technology needs of the indus try; the 
study presents information on the impor­
tance of o il and gas to the vital ity of the 

1 Argonne, Broo khaven, Idaho National Engi­
neering Laboratory, Lawrence Berkeley, Lawrence 
Livermore, Los Alamos, Oak Ridge, Pacific Northwest, 
Sandia, and NIPER are collectively referred to as The 
Labs in this report. 

2The scope dist inguishes this study from the 
Galvin task force on Alternative Futures for the Depart­
ment of Energy National Laboratories, the Yergin Task 
Force on Strategic Energy R&D, and the NPC Commit­
tee on the Issues and Policies Affecting the Future of the 
Oil and Gas Industries. 
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American economy and insights into new 
approaches for conducting oil and gas 
RD&D in the coming years. The study de­
scribes the mechanisms that could be used 
to effectively match unique technical capa­
bilities with the technology needs identified 
by industry. Importantly, the perceived 
barriers to collaboration that must be ad­
dressed to foster a better climate and re­
ceptivity to j oint activities are also ad­
dressed in this report. 

2 

This study is presented in three vol­
umes. Volume I contains the body of the 
report, including the Council's recommen­
dations and the analyses supporting them. 
Volume II presents the NPC's 1995 Survey 
of Research and D evelopment Needs , 
which provides the data describing the re­
search and development needs of the oil 
and gas industry. Volume Ill contains de­
tailed data on the capabilities of the nine 
DOE national laboratories and NIPER. 



EXECUTIVE SUMMARY 

AND RECOMMENDATIONS 

TBE U.S. On. AND GAS INDUSTRY­
CURBENT AND FUTURE 

For nearly one hundred years the oil 
and gas industry has been essential to the 
economic growth, high standard of living, 
and national security of the United States. 
There remain large known reser ves and 
undiscovered resources of oil and gas 
in the U.S. and worldwide. Even with 
progress in the development and use of al­
ternative energy sources, the reality is that 
oil and gas will continue to be essential. 
Statistical data on the oil and gas industry 
may be found in Appendix C. 

Oil and gas supplied nearly 65 per­
cent of the total U.S. energy demand in 
1993. In addition, although the overall 
Consumer Price Index has increased by 
75 percent between 1980 and 1993, the in­
dexes for fuel oil and motor fuel are at 
1980 levels. These and other data in this 
report illustrate the importance of oil and 
gas to a strong U.S. economy. 

In our vision of the future, the competi­
tive edge of the industry will increasingly 
depend on the ability to manage and apply 
technology effectively and rapidly. This will 
include leadership in technology for envi­
ronmentally sound operations and environ­
mentally acceptable hydrocarbon fuels. 

The industry faces significant chal­
lenges to effectively and efficiently fmding, 

producing, and processing new reserves 
of oil and gas, and converting these re­
serves into products while complying with 
regulations at acceptable costs. Advanc­
ing technologies are expected to play an 
impor tant role in meeting these chal­
lenges. The NPC believes that achievement 
of the necessary technological advance­
ments is a strategic imperative for both the 
industry and the nation. 

In a companion report to the Secretary 
of Energy; entitled Future Issues-A View of 
US. Oil & Natural Gas to 2020, the Council 
explores more deeply the value of the oil 
and gas industry to the economy and the 
full spectrum of issues the industry will face 
over the next 25 years. 

KEY TECHNOLOGY NEEDS 

The assessment of the current RD&D 
needs of the industry is a primary focus of 
this study. The oil and gas industry's tech­
nology needs were deter mined by the 
combination of a comprehensive sur vey 
sent to a large cross-section of the industry 
(primary data) and an analysis of other 
pertinent studies completed in the last sev­
eral years (secondary data). 

The survey was developed to deter­
mine the desired technology advances, 
their impact, and their likelihood of com­
mercial availability both in the short term 
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(by 1999) and the long term (between 1999 
and 20 1 0) . The survey was sent to 1 30 
members of the National Petroleum CoWl­
ell. The responses included information on 
250 teclmologies in 1 1  teclmology areas: 

• Exploration 

• Development 

• Drilling and Completion 

• Production 

• Deepwater O ffshore 

• Arctic Region Activities 

• Oil Processing and Refining 

• Gas Processing 

• Gas Gathering 

• Gas Storage 

• Environment and Regulatory. 

The 89 companies who responded to 
the survey reported U. S .  reserves of 
11.8 billion barrels of oil and 7 4.6 trillion 
cubic feet of gas-or about SO percent of 
total U.S. reserves. The companies also re­
ported worldwide oil reserves of 24 billion 
barrels and worldwide gas reserves of 128 
trillion c ubic feet. The respondents' U.S. re ­
fining capacity is 9 million barrels per day; 
which is about 60 percent of U.S. capacity. 
The blank survey form and the results of 
the survey are in Appendix D (Volume II of 
this report) . 

The survey was designed to identify 
specific advances needed in each teclmol­
ogy area, the expected level of impact and 
timing of teclmology advances, and the de ­
gree of willingness to collaborate to ad­
vance these technologies. A further pur­
pose was to identify issues that are barriers 
to tec hnical collaborations with other oil 
and natural gas companies, DOE, the na­
tional labo ratories, universities, and other 
public and p rivate laboratories. 

An analysis of the s urvey responses 
identified 36 teclmologies that are highest 
prio rity based on their impact on business 
and their likelihood of not being met Wlder 
a business-as-usual scenario. These tech-
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nologies are shown in Figure 1 .  Although 
the figure is a composite, the detailed sur­
vey results shown in the appendices indi­
cate that majors, other integrated oil and 
gas companies, independents, and service 
companies have distinct teclmology needs. 
The following examples illustrate some of 
the highest priority distinct technology 
needs from the survey. 

In the upstream, 

• High priority needs for majors and in­
dependents were : 

- High-resolution depth imaging 

- Improved well productivity 

- Hydrate control and prevention. 

• High priority need for service compa­
nies was horizontal well teclmology. 

• Paraffin control was rated to have high 
impact for independents, but not for 
majors. 

In the downstream for majors and in­
dependents, high priority needs were: 

• Catalysts with improved selectivities, 
yields, and lifetimes 

• New approaches to refining heavy 
feeds 

• Improved energy efficiency of pro ­
cesses and equipment 

• Improved plant and process reliability. 

In the environmental area, a high pri­
ority industry need was a scientific basis 
for risk-based environmental regulation. 

CAPABILITIES OF THE LABS 

The development of teclmo1ogy for the 
oil and gas industry is accomplished 
through a variety of sources well known to 
the industry including in-house oil and gas 
company RD&D programs, universities, re­
search institutes, and service companies. 
Recently the government laboratories have 
become increasingly involved in RD&D; 
however, the capabilities of these labs are 
less well known to the industry. In order to 
completely respond to the request of the 
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Secretary; specific information was com­
piled on the RD&D projects and capabili­
ties in The Labsl directed at the needs of 
the oil and gas industry. 

The comprehensive data compiled on 
The Labs are contained in Appendix E 
(Volume m of this report), which includes: 

• Project Summaries: These provide 
quantitative information in the form of 
one-page summaries of projects that 
reflect current capabilities being ap­
plied in areas of direct interest to the 
petroleum industr y. In preparing 
these summaries, The Labs used the 
11 technical categories listed in the 
survey. The major purpose of the pro­
ject summaries is to relate the capabil­
ities of The Labs to the technology 
needs as identified by industry. 

• Enabling Capabilities: Descriptions of 
enabling capabilities or technical 
strengths of The Labs that have poten­
tial value to, but that are not neces­
sarily now being applied to, the 
petroleum industry; and thus may not 
be captured in the project summaries. 

• Historical Le gacy: Each of The Labs 
was given the opportunity to describe 
its "legacy" that led to its current tech­
nology position vis-a-vis the oil and 
gas industry. 

The cumulative industry-related RD&D 
project expenditures for The Labs during 
the period FY91-FY95 were almost $600 
million. The Labs have significant efforts in 
the technology needs categories of Envi­
ronmental and Regulatory; Oil Processing 
and Refining, and Development technolo­
gies. Together, these represent 75 percent 
of the funding and 73 percent of the pro­
jects identified by The Labs. Total ftmding 
during the last five years for these three 
technical categories is nearly $450 million. 
The Labs participate at a modest level in 

!Argonne, Broo khaven,  Idaho National Engi­
neering Laboratory, Lawrence Berkeley, Lawrence 
Livermore, Los Alamos, Oak Ridge, Pacific Northwest, 
Sandia, and NIPER are collectively referred to as The 
Labs in this report. 
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the technology needs categories of Explo­
ration, Drilling and Completion, and Pro­
duction. Total funding during the last five 
years for these three technical categories is 
about $106 million and represents nearly 
18 percent of the ftmding and 18 percent of 
the projects identified by The Labs. 

The $600 million cumulative industry­
related RD&D project expenditures for 
The Labs are equivalent to 5 percent of the 
annual expenditures of the respondents. 
The Labs have doubled their active pro­
jects with industry; with expenditures in­
creasing from $70 million per year in 1991 
to $190 million per year in 1995. 

The data show that The Labs have im­
pressive research and development capa­
bilities in many energy related technolo­
gies. However, in order for the RD&D to be 
effective, these capabilities should be 
aligned with the long-term missions of The 
Labs and the users' needs. It is therefore 
very important to increase user input into 
the selection and conduct of The Lab 
RD&D programs. The NPC industry needs 
sur vey indicated considerable interest 
within the industry to collaborate on RD&D 
projects to develop oil and gas technology. 
This forms a basis for cooperation with The 
Labs in selected areas ofRD&D. 

Research effor ts at universities and 
other public and private research organiza­
tions are a central component of the RD&D 
activities of the industry. The impact of 
DOE expenditures and/or increased oil and 
gas research at The Labs must be carefully 
considered in establishing DOE funding 
priorities. 

The industry currently benefits from 
some RD&D projects that utilize the unique 
facilities that are available at The Labs, 
such as high-intensity photon sources. 
These joint projects with the oil and gas in­
dustry enable leading edge research to be 
conducted in a variety of areas that would 
be difficult otherwise. The Labs should 
continue to cooperate with industry by 
making these special facilities available for 



collaborative RD&D on a priority basis con­
sistent with the primary mission of The 
Labs. 

The Labs have strong capabilities in 
fundamental science and engineering, 
which could be very effective in the con­
duct of basic research needed by the oil 
and gas industry. The relevance and im­
pact of this research can be maximized by 
review and guidance by direct industry 
par ticipants. The results of this RD&D 
should be made available to all compo­
nents of the U.S. oil and gas industry. 

The Labs should emphasize technol­
ogy development effor ts in the areas of 
environmental technology that impact the 
oil and gas industry. The Labs, in close co­
operation with industry, should work to de­
velop a scientific basis for emission, effiu­
ent, and cleanup standards that balance the 
need to minimize risk to human health and 
ecosystems with the costs and benefits of 
control and cleanup technologies. 

The Labs can play an effective role in 
applied RD&D provided there is strong di­
rection from industry in the definition of 
goals and funding levels for these projects. 
Direct industry involvement is a critical 
success factor for applied RD&D. 

DEVELOPERS AND SUPPLIERS OF 

.ADVANCED TECHNOLOGY 

A "new paradigm" for oil and gas 
RD&D is evolving because intense compe­
tition that contributes to low oil and gas 
prices, and the need to reallocate scarce 
funds for large investments related to envi­
ronmental compliance, have forced the in-

dustry to re-evaluate every aspect of its 
business, including their RD&D invest­
ments. This re-evaluation brought better 
efficiency and cost -effectiveness to private 
sector RD&D activities. In many compa­
nies, in-house programs have moved to­
ward projects that are likely to provide a 
competitive advantage and a nearer term 
payout. Industry also compensated for 
smaller in-house programs by making 
greater use of collaborations for technol­
ogy development with many different enti­
ties. The new RD&D paradigm evolved 
from the business, regulatory; and techno­
logical needs of the industry. One of the 
outcomes is a user-driven, strategic, and 
collaborative RD&D effort that culminates in 
application. The new paradigm in oil and 
gas RD&D meets the demands of the mar­
ketplace and encompasses leveraging, 
cost-effectiveness, and an increased focus 
on user-driven RD&D. 

The willingness to collaborate and 
form technology alliances with all types of 
other organizations, including other oil and 
gas companies, research consortiums, uni­
versities, DOE, the national laboratories, 
and other consortia has increased with the 
emergence of the new paradigm (see 
Thble 1). However, in order to be success­
ful, these collaborations must be focused 
on user-driven technology development. 

The survey showed a relatively high 
overall willingness to collaborate. 
Sixty-three percent of all responses to the 
survey question for each technology indi­
cated a willingness to collaborate. The 
willingness varied both by technology 
area and industry sector. There was a 

Paradigms for Meeting RD&D Needs 

OLD PARADIGM NEWPABADIGM 

Source of Technology: 

Project Prioritization: 

Motive: 

In-House 

Technology Push 

Own It 

---> 

---> 

---> 

Leverage & Collaborate 

User Needs 

Uselt 
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TABLE 1 

WILLINGNESS TO COLLABORATE ON A SPECIFIC TECHNOLOGY 
(Percent of Responses) 

Vendors/ Oil & 
Service Gas USGS/ 

Com· Com- Univer Research Trade National* State 
panies panies -sities Institutes Assoc. Labs. ooet Survey 

All Respondents 53 51 48 46 43 42 41 36 
Majors 66 57 59 56 49 49 44 41 

Other Integrated 55 53 43 43 45 35 35 35 

Independents 49 48 44 43 43 41 42 35 

Service 33 46 39 29 21 34 34 27 

*The National Laboratories are Argonne, Brookhaven, Idaho National Engineering Laboratory, 
Lawrence Berkeley, Lawrence Livermore, Los Alamos, Oak Ridge, Pacific Northwest, and Sandia. 

tcollaboration with DOE refers to cost-sharing arrangements with Morgantown Energy Technology 
Center, Pittsburgh Energy Technology Center, National Institute for Petroleum and Energy 
Research, Metairie Site Office, and Rocky Mountain Oilfield Testing Center. 

higher interest in collaboration for meeting 
shorter term needs than longer term 
needs. When asked the question in gen­
eral, with no specific technology; there was 
a greater willingness to collaborate than is 
presently occurring. This indicates that in­
creased collaboration is likely to occur if 
perceived barriers are addressed. 

The barr iers to collaborat ion with 
DOE and national laborator ies ident ified 
by the respondents included excess ive 
paperwork, hold harmless agreements, 
uncertainty of ongoing funding, red tape, 
confidentiality issues, intellectual property 
issues, l imited resources, and al ignment 
issues such as differ ing bus iness objec­
t ives ,  goal or ientat ion,  and t imel ines .  
These issues/perceptions need to be ad­
dressed if DOE and The Labs des ire a 
customer or ientation that will result in an 
increase in co llaboration. 

CONCLUSIONS AND 
RECOMMENDATIONS 

This study on RD&D needs could be 
the start ing po int for establishing an im-
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proved process of focused o il and gas 
RD&D unprecedented by previous efforts. 
The current need to improve efficiencies 
and control costs makes such an effort 
timely and imperative. The theme of these 
recommendat ions is for the Secretary to 
establ ish a process that embodies the 
"new paradigm" in oil and gas RD&D user­
driven technology development. Regard­
less of the final spending levels, this ap­
proach w ill improve eff ic ienc ies and 
cost-effectiveness. 

Many Council members believe there 
is a place for industry-government collabo­
rat ion in the development of o il and gas 
technology: However, there is a wide range 
of op inions among NPC members con­
cerning both the value and the desirability 
of a government role. At one end of the 
spectrum is the bel ief that government 
should leave the s ignificant components 
and expenditures for energy RD&D to the 
private sector, and that RD&D tax incen­
tives for industry are preferred over gov­
ernment funding of opportunities for col­
laboration. Those at the opposite end of 



the spectrum hold that energy RD&D is so 
important to our national and economic se­
curity that it should not be entirely the re­
sponsibility of the private sector. 

Council members who see value in 
collaboration with government stress that 
their position does not represent a blank 
check. The level of government RD&D 
funding was not addressed in this study. 
Any oil- and gas-related research under­
taken by government should be focused on 
areas of user-identified technology needs, 
and must be timely and cost-effective. 

The NPC recognizes that public de­
bate is continuing and policy decisions are 
continuously being reviewed regarding 
government's role. In addition, there is 
congressional and administrative review of 
DOE's budget, as well as other government 
expenditures . Realignment efforts pres­
ently underway at DOE offer an opportu­
nity to develop new and improved pro­
cesses to prioritize government spending 
in the area of energy RD&D expenditures 
and programs. 

The interest within the industry; indi­
cated by our survey; to expand collabora­
tive RD&D to develop oil and gas technol­
ogy presents a positive opportunity for 
both the Department of Energy and the in­
dustry. The Council and its members are 
interested in working with DOE on pro­
grams that focus on user needs and to de­
velop new programs and policies that meet 
the changing dynamics of the RD&D needs 
of the oil and gas industry. The following 
recommendations are presented in the 
same spirit of cooperation and improve­
ment that led the Secretary of Energy to re­
quest this report on the RD&D needs of the 
oil and gas industry. 

The Secretary of Energy should imme­
diately utilize an d fully incorporate this 
study's analysis into the Department of En­
ergy's current realignment activities, pro­
gram development, spending prioritization, 
and b u dgeting a ctivities at  all levels of 
DOE's strategic planning activities. 

The Department of Energy should focus 
its sponsorship of research on areas of tech­
nology needs that cannot be effectively con­
ducted in the private sector. 

Current and newly proposed expendi­
tures should be analyzed in order to match 
the high impact needs identified by the anal­
ysis in this report with the unique capabili­
ties of The Labs. The focus in this activity 
should be on the highest priority needs 
which benefit all industry participants with­
out competing with the private sector de­
velopers of technology. 

Continuity should be provided for logi­
cal (cost-effective) completions of all short­
term projects, no m ([ltter how the industry­
Lab RD&D collaborations change over the 
next few years. Long-term projects should 
be judged individually and be provided 
transitional funding as necessary. 

Th e D ep artm en t o f  En ergy sh o uld 
pla ce greater emphasis on prioritizing 
RD&D programs based on the industry 's 
needs and participation. Current efforts by 
DOE and the government laboratories ,  
such as the Natural Gas and Oil Technology 
Partnership and the Refinery of the Future 
initiative, have improved processes and 
identified initiatives through which the oil 
and gas industry can leverage its re­
sources. Improved processes or mecha­
nisms are needed to accommodate indus­
try input. 

The Department of Energy should de­
velop a project definition system that utilizes 
broadly ba sed industry input to prioritize 
and recommend all DOE funding that is di­
rectly related to oil and gas research, devel­
opment, and demon stration needs. This 
process should ensure a user-driven ,  
strategic , and collaborative RD&D effort 
that eliminates duplication. 

DOE and the government laboratories 
should remove barriers to collaboration. To 
implement this recommendation, DOE 
should initiate simplified administrative 
procedures that minimize paperwork and 
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the turnaround time for bringing technol­
ogy to practical application. 

The government laboratories should 
not become a technical services organiza­
tion competing with industry resources. 
The NPC concurs with the Galvin task force 
recommendation that the activities at the 
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national laboratories should be privatized 
as appropriate. 

The NPC believes that the implemen­
tation of the above recommendations will 
result in more effective and efficient oil and 
gas research, development, and demon­
stration. 



CHAPTER ONE 

THE U.S. OIL AND GAS INDUSTRY­
CURRENT ROLE AND VISION OF fuTuRE 

The oil and gas industry is vital to a 
strong U.S. economy. To introduce this re­
port on the research, development, and 
demonstration needs of the oil and gas in­
dustry, NPC members believe it is impor­
tant to discuss the current role of the indus­
try, the industry's vision of the future, and 
the challenges to attaining that vision. Be­
cause the oil and gas industry is vital to a 
strong U.S. economy, any challenges to 
maintaining a strong domestic oil and gas 
industry can and must be overcome. 

For nearly one hundred years, the U.S. 
oil and gas industry has been essential to 
the economic growth, high standard of 
living, and national security of the 
United States. Large known and undiscov­
ered reserves of oil and gas remain in the 
U.S. and worldwide. Even with progress in 
the development and use of alternative en­
ergy sources, the reality is that oil and gas 
will continue to be essential. 

Before outlining the industry vision of 
the future and the challenges that can be 
overcome with technological advance­
ments, the current role of the industry in the 
U.S. economy is discussed and an array of 
information is presented that illustrates the 
importance of the oil and gas industry to a 
strong U.S. economy. 

CURRENT ROLE OF OIL .AND GAS 

U.S. Energy Consumption and Supply 

Energy consump tion increases as oil 
and gas supply nearly 68 percent of U.S en­
ergy demand. In 1993, U.S. energy con­
sumption was about 84 Quads (quadrillion 
BTUs) , about 26 percent more than in 1970 
(Figure l-1). Oil and gas supplied nearly 
65 percent of the total demand in 1993. Al­
though the share of energy supplied by oil 
and gas decreased from 77 percent in 
1970, the total energy supplied from oil and 
gas actually increased from 51 to 55 Quads 
in this time period. 

In 1993, industrial and residential/com­
mercial sectors accounted for about 37 and 
36 percent, respectively; of end-use energy 
consumption. I Industrial sector consump­
tion includes oil- and gas-derived feed­
stocks for production of high-value "petro­
chemicals." Transportation accounted for 
the remaining 27 percent of 1993 end-use 
consumption, with about 80 percent used 
to fuel cars, trucks, and buses. 2 Sixty-two 
percent of total oil consumption is used for 

l Energy Information Administration, Annual En­
ergy Review, 1993, p. 39. 

2 Source for fuel consumption data: Statistical Ab­
stract of the United States, 1994, Table No. 1024. 
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Source: Energy Information Administration, Annual Energy Review, 1 993, page 5. 
Figure 1-1 .  U.S. Energy Consumption Summary: 1 970-1993. 

transportation. This sector is 90 percent 
dependent on oil and will remain so well 
into the 2 1st centur y. 

Electricity, though a major form in 
which energy is consumed, is generated 
from primary energy sources of which 
coal, oil, and gas are the major foundations. 
In 1993, 25 percent of total U.S. energy con­
sumption-including 3 percent of the oil 
and 13  percent of the gas consumed-was 
used to generate electricit y.3 

U.S. energy and oil & gas consumption 
will increase despite energy efficiency im­
provem en ts. In recent testimony to 
Congress, Secretary O'Leary forecasted 
that by the year 20 1 0  U.S. energy consump­
tion will increase by 2 4  percent, and that 
the relative contributions of oil, gas, and 
o ther energy sources will be the same. 4 

3 Energy Information Administration, Annual En­
ergy Review, 1993, pp. Sand 237. 

4 Statement of Hazel R O'Leary before the Com­
mittee on Appropriations, Subcommittee on Interior and 
RelatedAgencies,January 19, 1995. 

1 2  

Annual energy consumption on a per 
capita basis remained unchanged at about 
325 million BTU during the 1 970- 1 993 pe­
riod. s This is despite dramatic improve­
ments in energy efficienc y; which are ex­
hibited by a nearly 30 percent decrease in 
energy consumption (BTU) per dollar 
GDP.6 For example, between 1 970 and 
1992, total fuel consumption by vehicles in­
creased by about 4 4  percent while average 
fuel economy improved by 60 percent for 
cars and by 38 percent for trucks. 

Domestic production provided nearly 
80 percent of domestic energy demand. In 
1993 , domestic energy production was 66 
Quads, or about 80 percent of total energy 
co nsumption (Figure 1-2 ). About 50 per­
cent of the oil consumed and 9 1  percent of 
the gas were produced domestical ly. 

5 Statistical Abstract of the United States, 1994, 
Table No. 922. 

6 Statistical Abstract of the United States, 1994, 
Table No. 922. 
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Figure 1-2. 1993 U.S. Energy Consumption. 

Gas imports , which came primarily 
from Canada, account for about 11 percent 
of the total gas consumption and are ex­
pected to increase to 1 4  percent in the year 
2000. Oil imports came from a number of 
countries,  but three-fourths of imports 
came from six countries (in order of vol­
ume imported) : Saudi Arabia, Venezuela, 
Canada, Mexico, Nigeria, and the United 
Kingdom. (See details in Table 1-3.) 

U.S. reserves of oil and gas represent a 
9-year supply of U. S. production. U.S.  oil 
and gas reserves recoverable with current 
technology and at current oil and gas prices 
totaled 23.7 billion barrels and 1 65 trillion 
cubic feet, respectively; in 1993.7 At cur­
rent rates of production-and with no ac­
counting for further reser ve additions­
these domestic reser ves represent a 9-year 

7 Reserves data from Oil and Gas journal, as re­
ported in EIA Annual Energy Review, 1993 , p. 287. Cur­
rent production data from EIA Annual Energy Review, 
1993 , pp. 141 and 189. Reserves do not include natural 
gas liquids. See EIA Annual Energy Review, 1993 , p. 129. 

supply. In fact, during the 1983-1992 pe­
riod, additions to U.S. reserves occurred at 
a rate of about 80 percent as great as pro­
duction.8 

Known worldwide recoverable reserves 
represent a SO-year supply. Worldwide re­
coverable reserves are believed to be 
about one trillion barrels of oil and five 
quadrillion cubic feet of gas (Table 1-1). At 
the 1993 worldwide production level of 22 
billion barrels, 9 these crude oil reserves 
represent a 45-year supply. In 1992, 75 tril­
lion cubic feet of dry gas was produced.lO 

8 U.S. domestic oil reserves at year-end 1983 and 
1992 were 27.7 and 23 .7 billion barrels , respectively. 
Gas reserves were 200.2 and 165.0 trillion cubic feet, re­
spectively. In the 1983 -1992 period, cumulative produc­
tion of domestic oil and gas were 29.7 billion barrels and 
170 trillion cubic feet, respectively. Source: Energy In­

formation Administration, Annual Energy Review, 1993 , 
pp. 129, 141, and 189. 

9 Energy Information Administration, Annual En­
ergy Review, 1993 , p. 291. 

10 Energy Information Administration, Annual En­
ergy Review, 1993 , p. 3 05. 

13 



TABLE 1 -1 

WORLDWIDE OIL AND GAS RESERVES, JANUARY 1 , 1 993 
(Recoverable With Current Technology and Prices Except as Noted) 

Crude Oil Natural Gas 
Country or Region (Billion Barrels) (Trillion Cubic Feet) 

United States 23.7 1 65.0 

Canada 5.3 95.7 

Mexico 51 .3 70.9 

Central and South America 72.5 1 88.6 

Western Europe 1 6. 1  1 94.7 

Eastern Europe and FSU 59.0 1 960.4 

Saudi Arabia 260.3 1 83.1 

Other Middle East 401 .5 1 337.0 

Africa 61 .9 346.9 

Far East and Oceania 44.6 341 .0 

World 996.1 4883.3 

Note: Oil reserves for FSU (Former Sevier Union) are "explored reserves" and "gas 
reserves" for Canada are "proved or possible" reserves. 

Source: Oil and Gas Journal, as reported in Energy Information Administration, 
Annual Energy Review, 1 993, p. 287. 

At this level, worldwide natural gas re­
serves represent a 65-year supply to the 
world. 

Worldwide reserves shown in 'Thble 1-1 
represent a 50 percent increase over re­
serves at the end of 1 982.11 W ith al­
lowance for the cumulative worldwide con­
sum ption of oil and gas dur ing the 
1983-1992 period, new reserves of oil were 
found at a rate 2.5 times consumption, and 
gas reserves were added at a rate 3.5 
times consumption.l2 

The impact of technology has changed 
the view of the U.S. resource base over the 

11 As of December 31, 1983, worldwide crude oil 
and natural gas reserves were 669.3 billion barrels and 
3,200 trillion cubic feet, respectively. Source: Oil and 
Gas journal, as reported in Energy Information Adminis­
tration, Annual Energy Review, 1983, p. 73. 

12 For the 1983-1992 period, cumulative world­
wide oil production was 209 billion barrels, and gas pro­
duction was 671 trillion cubic feet. Source: Energy Infor­
mation Administration, Annual Energy Review, 1993, 
pp. 291 and 305. 
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last two decades-greatly increasing the 
estimates of oil and gas resources and at 
the same time decreasing the cost of con­
verting the resource base to producible re­
serves. 

There are vast  U.S. oil a nd gas re­
sources rema ining to be discovered. Re­
cently updated estimates of U.S .  reser ve 
extensions and ''undiscovered recover ­
able" resources are equivalent to a 35-year 
supply of oil and a 59-year supply of gas at 
current production rates (Th.ble 1-2). 

Additional oil and gas could be recov­
ered at a higher price or with better tech­
nology. For example, it has been estimated 
that advanced technology could increase 
domestic gas supplies in the year 2010 by 
about one-third over cur rent level s, and 
nearly double supplies compared to those 
projected based on existing technologyl3 
(Figure 1-3). 

13 Gas Research Institute (GRI) statistics. 



TABLE 1 -2 

POTENTIAL ADDITIONAL U.S. CRUDE OIL AND NATURAL GAS RESOURCES 
(Mean Estimates) 

Crude Oil Natural Gas 
Region (Billion Barrels) (Tril l ion Cubic Feet) 

Reserve Growth in Conventional Fields 60.0 322.0 

Undiscovered Conventional Resources 30.3 258.7 
Onshore and State Waters 

Other Accumulations 2.1 358.0 

Undiscovered Federal Offshore 16.1 145.1 

U.S. Total 1 08.5 1 083.8 
Years Supply at Current Rates of 

Production 34.7 58.9 

Sources: "1 995 Assessment of Oil and Gas Reserves," U.S. Geological Survey; and 1 989 report 
of Minerals Management Service. 

In addition to the above "conventional" 
reserves, the United States has proved re­
serves of oil shale and tar sand resources 
that are estimated to be equivalent to 
560 to 720 billion and 63 billion barrels of 

oil , respectively.14 It will be an economic 

14 "Fuels to Drive Our Future, " Committee on Pro­
duction Technologies for Liquid Transportation Fuels, Na­
tional Research Council, Washington, D.C. , 1990, p. 16. 
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advantage to U.S. consumers if the U.S. oil 
and gas industry assures and extends the 
existing worldwide conventional oil and 
gas resource base. 

Economic Impacts of Oil and Gas 

Oil imports are rising, but international 
trade provides an important offset. In 1993, 
the net cost of impor ted cr ude oil and 
petroleum products was about $46 billion.15 
However, the concerns that this generates 
should be tempered by considering the 
broader facts and implications. For exam­
ple, the net trade deficit with the six largest 
suppliers-who account for about 7 5 per­
cent of crude oil and petroleum products 
imports-was about $13 billion (Table l-3). 

Furthermore, in 1993 exports of organic 
chemicals and plastics derived from oil and 
gas were worth $21.8 billion, and net ex­
ports of these products were $8.3 billion.16 

Oil and gas play a key role in the U.S. 
economy. A study prepared for the NPC in­
dicates that the oil and gas industr y pro­
vides the following to the U.S. economy.17 

15 Energy Information Administration, Annual En­
ergy Review, 1993 , p. 177. 

16 U.S. Chemical Industry Statistical Handbook, 
1994, Chemical Manufacturers Association, Table 3 . 1. 

• 4.7 percent of U.S. gross output ($380 
billion in 1987) 

• 3 percent of private, nonresidential U.S. 
domestic investment ($22.5 billion in 
1987) 

• 2.9 percent of all private U. S. research 
and development ($2.2 billion in 1991) 

• 4.3 percent of all federal, state, and lo­
cal taxes ($91.9 billion in 1991) 

• 84.4 percent of federal mineral lease 
royalties ($3 .1 billion in 1993) 

• 1.4 percent of U.S. employment (1.5 
million jobs in 1993) 

• 20.8 percent of U.S. spending on pollu­
tion abatement in manufacturing ($5.3 
billion in 1992) 

• Wages 14.2 percent higher than U.S. 
average ($30,117 vs. $26,361 in 1993) 

Consumer price index data show that 
the U.S. economy continues to grow on the 
back of the oil and gas industry. In real 
terms, prices of crude oil and gasoline are 
near those that preceded the market upset 
of the mid-1980s (Figures 1-4 and 1-5). 18 

17 National Petroleum Council, Future lssue�A �ew 
of U.S. Oil & Natural Gas to 2020, Appendix C, August 1995. 

18 Energy Information Administration, Annual En­
ergy Review, 1993 , pp. 173 , 183 , 203 . 

TABLE 1 -3 

16 

SIX LARGEST SOURCES OF U.S. OIL IMPORTS, 1 993 

Net Oil Imports Balance All Trade 
Country (MB/D) ($Billion) 

Saudi Arabia 1 ,408 ($1 .0) 

Venezuela 1 ,281 ($3.5) 

Canada 1,103 ($1 0.7) 

Mexico 810 $1 .7 

Nigeria 734 ($4.4) 

United Kingdom 330 $4.6 

Total 5,666 ($1 3.4) 

Sources: Net Oil Imports from Energy Information Administration, 
Annual Energy Review, 1 993, p. 1 53. Balance of trade data from 
Statistical Abstract of the United States, 1 994, Table No. 1 329. 
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In fact, the pr ice of gasoline has actually 
declined over the past 20 years. 

Although the overall Consumer Price 
Index (CPI) has increased by 7 5 percent 
between 1980 and 1993, the CPis for fuel 
oil and motor fuel are at 1980 levels . The 
next lowest growth area-household fur ­
nishing and operation-grew 38 percent 
over the period .19 These data illustrate that 
the growth of the U. S.  e conomy owes a 
great de al to the "strong bac k "  of the oil 
and gas industry. 

The Domestic Oil and Gas Industry 

Many of the most promising areas for 
oil and gas development in the United States 
are closed to exploration. Exploration and 
development activity in the United States is 
well down from the peak of the early 1980s 
(F igure 1-6). This is a res ult of lower oil 
and gas prices, but also because many of 

19 Statistical Abstract of the United States, 1994, 
Table No. 7 48. 

the most promising areas are closed to ex­
ploration . It is in these frontier areas that 
the largest discoveries are most li kely: It is 
significant that a steadily increasing fraction 
of oil, gas, and coal produ ction is on "fed­
erally administered lands " (Figure 1-7).  

U.S. refining operations are technically 
advanced and energy-efficient. U.S. refmers 
have increased the technical complexity of 
their operations in order to ach ieve im ­
proved conversion of each barrel of cr ude 
oil-even as the cr ude o il slate has be­
come heavier and higher in s ulf ur con­
tent-and as environmental restrictions 
have become more severe . 

One gauge of this complexity is the 
"downstream capacity;" or the capacity to 
process cr ude o il u s ing f l u id catalytic 
cracking, hydrocracking, hydrotreating, 
al k ylation, reforming, and co king . F ig­
ure 1-8 shows that the ratio of downstream 
capacity to cr ude oil capacity has steadily 
increased . In spite of the greater com­
plexity, betwe e n  1 9 7 3  and 1990 total 
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Figure 1-6. U.S. Drilling Activity: 1950-1992. 
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energy consumption per bar rel of crude 
oil processed h a s  been reduced by 
15 percent. 20 

However, weak margins continue to un­
dermine profitability. Between 1970 and 
1993, the number of U. S. ref ineries de ­
creased by 33 percent (Thble l-4). And the 
ref ining business has become so difficult 
that it is generally accepted by the industry 
that no new refmeries will be built in the 
um·ted States. Increased demand will be 

met at first through more complete utilization 
of existing refineries, then by de-bottleneck-

20 "Teclmology Partnerships, " U.S. DOE Office of 
Energy Efficiency and Renewable Energy, p. 54. 

2 1 National Petroleum Council, U.S. Petroleum Re­
fininrrMeeting Requirements for Cleaner Fuels and Re­
fineries, August 1 993, cover letter. 

ing and expansion of existing refineries, and 
ultimately by impor ting refined products. 21 

Refmer margins-the difference be­
tween the acquisition price of crude oil 
and the sale price of fmished products­
are below 1980 levels except in the case of 
fuel oil (Thble l-5). During the 1980s, re­
finers had an average profit  of only 
2.5 cents per gallon of fmished product.22 

Many had operating losses. Those losses 
and the end of the small refmer entitlement 
program resulted in the closure of 132 re­
fmeries between 1980 and 1993. More effi­
cient operations have been key to sur vival. 

22 National Petroleum Council, U.S. Petroleum Re­
fininrrMeeting Requirements for Cleaner Fuels and Re­
fineries, August 1 993, cover letter. 

TABLE 1 -4 

U.S. REFINERY CAPACITY AND UTILIZATION, 1 950-1 993 

1 950 1 960 1 970 1 980 1 990 1 993 

Number 320 309 276 31 9 205 1 87 

Capacity (million barrels per day) 6.22 9.84 1 2.02 1 7.99 1 5.57 1 5. 1 2  

Average Capacity (:thousand barrels per day) 1 9.4 31 .8 43.6 56.4 76.9 80.9 

Utilization (percent) 92.5 85.1  92.6 75.4 87. 1  91 .4 

Source: Energy Information Administration, Annual Energy Review, 1 993, p. 1 57. 

TABLE 1 -5 

REFINER MARGINS: 1 978 TO 1 993 
Cents per Gallon (Current Dollars), Excluding Taxes 

1 980 1 985 1 990 1 993 

Motor Gasoline 27.3 1 9.8 25.7 23.4 

Jet Fuel, Kerosene-Type 20.0 1 5.8 24.4 1 8.6 

No. 2 Distillate Fuel Oil 1 3.4 1 3.8 1 6.6 1 6.8 

Residual Fuel Oil -1 4.0 -6.0 -1 1 .6 -9.8 

Composite 22.4 1 7.0 22. 1  20.6 

Source: Energy Information Administration, Annual Energy Review, 1 993, p. 1 81 .  

20 



Regulation is dramatically increasing 
product costs. The NPC study on U. S .  
petroleum refining published in August 
1 993 concluded that investments in the 
1 990s to comply with environmental re­
quirements on refineries and products 
would be $3 7 billion. This exceeds the 
$31 billion (1 993) book value of these re­
fineries. To recover l 0 percent return on 
capital employed, by the year 2000 the 
costs to consumers of light products will 
have to increase by l 0 cents per gallon. 23 

VISION FOR ENERGY CONSUMP­
TION AND SUPPLY IN 2020 
Oil and Gas Consumption 

Oil, gas, and coal will continue to fuel 
U.S. and world economies. Between now 
and 2020, U.S. consumption of oil and gas 
will increase. New technology will con­
tinue to improve the efficiency of energy 
utilization, but efficiency improvements will 
be more than offset by population growth 
and changes in the standard of living. 

In the industrial sector, de-regulation 
of utilities will allow the industrial plants (in­
cluding refmeries) to be producers of elec­
tric power. This will result in improvement 
in the overall efficiency of oil and gas uti­
lization. 

Use of gas for commercial space cool­
ing will increase because of improvements 
in energy efficiency and cost reductions of 
gas-fueled units, and because of phase-out 
of CFCs . Residential uses will also in­
crease because growth in the number of 
customers will offset improvement in 
equipment efficiency and building thermal 
integrity. 

In the transportation sector, 
petroleum-based fuels will continue to 
dominate the market, and these fuels will 
continue to change to meet new demands. 

23 National Petroleum Council, U.S. Petroleum Re­
fining-Meeting Requirements for Cleaner Fuels and Re­
fineries, August 1 993, cover letter. 

Advances in engine and transmission 
technologies, and continued vehicle weight 
reduction will improve fuel economy of au­
tomobiles by as much as 50 percent. How­
ever, increases in vehicle miles travelled 
will more than offset these improvements. 

Advances made in alternatively fueled 
vehicles may improve uses in niche­
situations. However, even if the economics 
and convenience of alternatively fueled ve­
hicles (including electric vehicles) prove 
acceptable to consumers, inertia in fleet 
turnover and required investment in fuel 
distribution infrastructure will limit the ex­
tent of fuel substitution. 

Oil and Gas Supply 

Technology will be a critical compo­
nent to discovery and utilization of new oil 
and gas resources. Major new reserves of 
oil and gas will be found. 

Gas resources will be used to fuel lo­
cal and regional economies (thereby sub­
stituting for oil) , converted to liquid fuels, or 
marketed globally as liquefied natural gas 
(LNG) . 

Deepwater exploration and production 
in the Gulf of Mexico will progress rapidly 
during the next l 0 to 20 years, primarily 
due to the advancements in technology 
and the high per-well producing rates re­
cently confirmed. It is highly probable that 
the deepwater Gulf will become the pri­
mary supplier of domestic oil and gas in 
the very near future. 

The Arctic regions of the United States 
will continue to be an attractive alternative 
to the other sources of supply of oil and 
gas. However, the advancements in deep­
water technology will push Arctic develop­
ment further back due to the high cost of 
development and lingering environmental 
concerns . The Arctic region will once 
again have to wait for its turn. 

Oil and gas prices will remain under 
pressure due to continued high investment 
in abundant global opportunities. 

2 1  



B.efiDing 

Refining operations will be even more 
technically sophisticated. Refineries will re­
quire the flexibility t o  accom modate 
changes in crude oil slates and in composi­
tional requirements for fmished products. 
To accomplish this, refineries will utilize 
"agile manufacturing" concepts. This will 
result in greater flexibility and im proved 
utilization of facilities, and also will affect 
the size and required skill level of the refin­
ery workforce. 

New families of catalytic materials will 
provide the basis for major improvements 
in existing refining processes and will lead 
to the use of new chemistry and new pro­
cess concepts in refining. These processes 
will be more efficient ,  more reliable, and 
have a much lower impact on the environ­
ment than do current processes. 

The environmental im pac t require­
ments of refming products throughout the 
world will be similar to those in the U.S. 
markets. There will be minimal demand 
for products that do not confor m to stan­
dards equivalent to U.S. standards. 

New structural materials will be avail­
able that will allow operational im prove­
ments in existing processes and facilitate 
im plementation of new processes. Non­
destructive on-line testing of equipment 
will become wides pread. Use of these 
techniques will dramatically reduce inci­
dent rates and maintenance costs, and will 
extend the useful life of plants. 

Environmental remediation of refmer­
ies related to past operations should be 
largely completed. The new driving force 
for environmental per formance will be 
"zero emissions" processes. 

Response of the U.S. Industry 

The U.S. oil and gas industry will be a 
vigorous competitor domestically and inter­
nationally. The U.S. oil and gas industry 
will continue to focus on its core busi­
nesses of oil and gas exploration, produc-

22 

tion, trans portation, refining/processing, 
and marketing. 

The industry will conduct business 
globally-exploring and developing the 
best prospects available-and will make 
investments in business sectors and geo­
graphical regions where it is possible to 
produce a fair return to its stockholders. In 
this capacity; the industry will be a strong 
contributor to the economic development 
and standard of living of nations throughout 
the world. 

The competitive edge of the industry 
will increasingly depend on the ability to 
manage and apply technology effectively 
and rapidly: This will include leadership in 
technology for efficient investment of capi­
tal for environmentally sound operations 
and environmentally acceptable hydrocar­
bon fuels. 

BJUUUEB.S TO ENERGY SUPPLY 
VISION 

NPC members identified a set of barri­
ers to the vision; overcoming some will re­
quire new and improved technology. Recip­
ients of the survey used to identify RD&D 
needs (see Chapter Two) were asked to 
describe "in broad general ter ms" the bar­
riers and problems that might prevent them 
from accomplishing their corporate busi­
ness needs and for which there might be 
emerging technological solutions. Sixty­
seven companies responded to the ques­
tion, and the responses provided separate 
barrier statements that were grouped and 
analyzed under the following four themes: 

• Cost Control 

• Economics and Capital Availability 

• Environmental Compliance and Regu­
latory Issues 

• Thchnology 'IIansfer. 

Cost Control 

Twen t y -five state m en t s  rel ated t o  
needs to reduce costs. In some cases, the 
statements included specific technology 



solutions. The barrier statements related to 
costs by the business activity headings 
used in the survey are included in Ap­
pendix D on survey results (Appendix D is 
Volume II of this report) . The overriding 
emphasis and theme that was consistent 
throughout these statements was the desire 
for technology to reduce costs in the re­
spective area. 

Economics and Capital .AvaUability 

Sixteen percent of the responses relat­
ing to barriers to achieving their broad 
business needs related to economics and 
availability of capital . In general , these 
statements raised the concern regarding 
availability of capital for investment. Al­
though it is difficult to relate this to a tech­
nological solution, since this dilemma is 
driven by industry profitability and a num­
ber of broad trends within the industry; the 
general inference is for the need of new 
technology to help improve success rates 
or lower costs that will make new invest­
ments more attractive. 

Environmental Compliance and 
Regulatory Issues 

Not unexpectedly, many of the state­
ments related to compliance issues such as 
waste disposal and short lead times. There 
were also a group of statements about 
"property issues: '  These relate to lack of 
access to promising but ' 'sensitive' ' explo­
ration areas, such as offshore and Alaska, 
that low-impact exploration technology 
could affect. Statements related to down­
stream barriers noted that regulations had 

reduced the expected useful economic life 
of refineries, and that remediation require­
ments hindered alternative development of 
sites. 

Technology Transfer 

In the category of technology transfer, 
three areas were identified as problems or 
barriers to achieving broad business 
needs. The three primary areas noted in 
the statements were ( 1 )  identification of 
technology needs, (2) evaluation of avail­
able technologies, and (3) demonstration 
or application of available technologies. It 
is important to note that these areas were 
raised by a significant number of survey re­
spondents as a barrier or problem to 
achieving their business needs. 

SUMMARY 

As the discussions of the role of the 
U.S. oil and gas industry and the vision of 
the future have indicated, this industry is vi­
tal to a strong U.S. economy. This chapter 
also has outlined the broad business chal­
lenges facing the industry that were identi­
fied by our survey and that could be over­
come with advanced technologies. These 
challenges were identified and discussed 
in order to better understand the basis and 
broad parameters of the technology needs. 

NPC members believe that improve­
ments in technology are the key to over­
coming many of these barriers. Therefore, 
identifying the specific RD&D needs of the 
industry is the central component of this 
study. Chapter Two focuses on identifying 
these industry needs. 
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CHAPTER TWO 

TECHNOLOGY NEEDS OF THE INDUSTRY 
AND IMPACT OF TECHNOLOGY SOLUTIONS 

The RD&D needs of the U.S. oil and 
gas industry have been assessed by the 
Council with the assistance of an Industr y 
Needs Thsk Group consisting of represen­
tatives from industry, g overnment , and 
RD&D consortia. The oil and gas industry's 
technology needs were determined based 
on a comprehensive survey distr ibuted to a 
large cross-section of the industry (primary 
data), an analysis of other pertinent studies 
completed in the last several years (sec­
ondary data), and the best judgment of the 
Thsk Group to interpret the data from the 
fliSt two sources. The scope of this study 
beg an with identification of the res ource 
and ended with the output of the oil refm­
ery and the gas processing plant. 

INDUSTRY NEEDS SURVEY 

A 31-page survey (see Appendix D, 
Volume II of this repor t) was developed to 
qu e r y  the m e mbers of the Nati onal 
Petroleum Council about needed technol­
o gy  a dvan ces , the impact of these ad­
v ances, and the li kelihood that such ad­
vances would be commercially available in 
the sh or t term (by 1999) and in the long 
term (between 2000 and 201 0). A further 
purpose was to deter mine the degree of 
willingness to coll aborate to  advance these 
technologies, and to identify issues that are 
barr iers to technic al c oll ab orati ons with 

other oil and n atural gas companies, DOE, 
the national laboratories ,  and other public 
and private laboratories. 

The survey identified and addressed 
nearly 250 individu al technol ogies. Re­
spondents also h ad an oppor tunity to write 
in technologies that they did not find listed 
and believed would have a high impact on 
their business perf or m ance. The sur vey 
grouped the technol ogies in eleven cate­
gories : 

• Exploration 

• Development 

• Dr illing and Completion 

• Production 

• Deepwater Offshore 

• Arctic Re gion Activities 

• Oil Processing and Refining 

• Gas Processing 

• Gas Gathering 

• Gas Storage 

• Environmental and Regulat ory. 

SECOND.IBY SOURCES 

The NPC reviewed pu blished sum­
maries of recent petroleum RD&D priority 
recommendations and trends in petroleum 
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RD&D expenditures. They designed these 
reviews to provide a context in which to in­
terpret the results of the sur vey and both 
supplement and corroborate the sur vey re­
sults. 

First, the study participants reviewed a 
representative sample of more than 30 re­
cently published oil and gas technology 
needs assessments and documentation of 
cur rent federal RD&D pro grams. A de ­
tailed review of the most representative of 
these revealed that research priorities vary 
considerably among types of company and 
by types of technology. The diverse way 
these assessments characterize technology 
needs made a direct comparison difficult. 
However , the major themes of technology 
needs were improved resource characteri­
zation (for both explor ation and develop­
ment), reduced drilling costs , and improved 
understanding of complex reser voirs. This 
apparent bias toward extraction technolo ­
gies is partly due to the dominance of up­
stream technology assessments in the liter ­
ature. The reviews provided insights into 
how technology priorities have changed 
over time and differ between majors and 
independents. 

SURVEY RESPONDENTS 

The sur vey was distributed to NPC 
member companies and 89 responses 
were received. The response rate was ap­
proximately 75 percent , which is very high 
for a sur vey of this type. For purposes of 
analysis of the sur vey results, the respon­
dents were categorized as majors, other in­
tegrated oil and gas companies, indepen­
dents , or service companies. Statistics for 
these categories are given in Table 2-1. 
The respondents are listed by segment in 
Appendix D. 

The 89 companies reported U.S. re­
ser ves of 11.8 billion bar rels of oil and 
74.6 trillion cubic feet of gas-or about SO 
percent of total U.S. reserves. The compa­
nies also reported worldwide oil reserves 
of 24 billion barrels and worldwide gas re-
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serves of 128 trillion cubic feet . The re­
spondent companies repo r ted s ales 
greater than $425 billion. The respondents 
have 9 million barrels per day of refining 
capacity. which is about 60 percent of total 
U.S. capacity. The 20 service company re­
spondents represent most of the upstream 
ser vice companies. 

METHODOLOGY FOR ANALYSIS 
OF SURVEY TECHNOLOGY 
NEEDS RESULTS 

Responses to survey questions about 
impact of a particular technology and like­
lihood that it would not be commer cially 
available were scored 1 ,  3,  and 5 for "low," 
"medium;' and "high ; '  respectively. Then , 
for each technology a mean s core was 
computed for each of the different group­
ings based on the short term (1995-1999) 
and long term (2000-20 1 0) needs for each 
of the four categories of respondents listed 
in Thble 2-1. 

For each of the 11 technology areas , 
the technolo gy  needs were plotted using 
the scores for numerical impact and likeli­
hood of commercial availability. Of most 
relevance to this chapter are those needs 
that have both a high impact and a higher 
likelihood of not being met (see F i gure 
2-1). In the figures in this chapter , these 
points appear in the upper right. Selected 
plots are included in foll owing section on 

TABLE 2·1 

SURVEY RESPONDENT STATISTICS 

Category 

Majors 

Other Integrated Oil 
and Gas Companies 

Independents 

Service Companies 

Total 

No. of 
Respondents 

1 7  

1 2  

40 

20 

89 
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Figure 2-1. Plotting Needs and .Availability. 

Key Technology Needs. Appendix D con­
tains the additional plots for each technol­
ogy area by each respondent grouping 
(major, independent, etc.) . 

KEY TECHNOLOGY NEEDS 

Overall 

From the nearly 250 technology needs 
(including write-ins) across all l l  technol­
ogy areas, the study participants identified 
36 technology needs in which advances 
should have the broadest application, high­
est impact, and the highest likelihood of not 
being commercially available. 

The Task Group believed that the re­
spondents had greater confidence in judg­
ing the impact of a technology on their 
business than the likelihood that a technol­
ogy would not be commercially available. 
Therefore, the impact of a technology ad­
vance on a company's business was the 
primary factor in ranking the need for that 
technology. The likelihood that it might not 
be commercially available was a sec­
ondary factor. Those needs with impact 

scores of 4.0 or more in the short term and 
3.5 in the long term were further screened 
using the index: (impact x 2) + (likelihood 
of not  being commercially available) . 
There were one long-term and 35 short­
term technology needs that had index 
scores of ten or more and were voted on by 
at least five respondents. These high-scor­
ing needs were distributed across virtually 
all of the l l  technology areas. Figure 2-2 
lists the 36 technologies and shows the plot 
of availability vs. impact . The needs that 
meet the above screening criteria, as well 
as needs that were written in by three or 
more respondents,  are discussed more 
fully below. 

Across the l l  technology areas ,  the 
highest areas of impact identified by ma­
jors, other integrated companies, and inde­
pendents in the upstream are high­
resolution depth imaging and improved 
well productivity: Hydrate control and re­
moval also is important. Advanced seismic 
acquisition is a high need for independents, 
and horizontal well technology is the high­
est ranking need for service companies. In 
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the downstream, the highest needs are for 
improvements in catalysts, heavy feed pro­
cessing, reliability, and efficiency. The en­
vironmental compliance issue also is an im­
portant crosscutting need. 

Exploration 

More precise characterization of the 
resource would have the greatest impact on 
exploration success . Specifically, in the 
short term, advances in high-resolution 
seismic depth imaging and advanced seis­
mic acquisition are identified as having high 
impact (Figure 2-3) . In the longer term, ad­
vances in high-resolution seismic depth 
imaging continues to be a technology need. 
The majors also see more impact in the 
long term from 3-D visualization tools and 
feel these needs will probably be met. 

Development 

The highest priority need for the de­
velopment area in the short term is in bet­
ter characterizing the reservoir. Improved 
borehole logging techniques to either esti­
mate permeability or operate through­
casing are part of this need. Away from the 
borehole, improved characterization of the 
reservoir results from improved develop­
ment-scale 3-D geologic computer model­
ing and seismic techniques . Logging 
through-casing will not be adequately met 
in the short term and will require continued 
development in the long term (Figure 2-4) . 

Advances in characterizing fractured 
reservoirs was written in by a large num­
ber of respondents as a critical need. This 
technology need was listed in the explo­
ration area and highly rated there, as well. 

The four different groups of respon­
dents all had the preceding needs. The 
greatest divergence of opinion exists be­
tween the majors and the other three 
groups in the long term. The majors need 
ongoing development of all of the technical 
areas identified for the short term. They 
may also need development of wellbore 
tools that have a greater depth of investiga­
tion (> 1 foot) from the wellbore. The other 

three groups felt that their needs would be 
met in the short term in all areas except in 
the through-casing logging area. 

Drilling and Completion 

In the Drilling and Completion cate­
gory; the two areas in which the survey par­
ticipants ranked the highest RD&D needs 
are well productivity and advanced fractur­
ing techniques. This is consistent with the 
outcome of the Production category, in 
which well stimulation techniques and new 
directional drilling are most important (Fig­
ure 2-5) . 

The majors also considered advances 
in unconventional, slimhole, and multilateral 
drilling to be needed. The other integrated 
companies added coiled tubing to their 
priority list . The independents also con­
sider perforating and wellbore applications 
to be an important need, in addition to well 
productivity and advanced fracturing. 

The results for the service companies 
were quite different from the other groups. 
The only technologies with significant 
needs are multilateral drilling, measure­
ment-while-drilling (MWD) , and horizontal 
wellbore applications . Fracturing and 
gravel pack technologies were added as a 
write-in by all segments except the service 
companies. 

In the long term, well productivity is 
the most important technology in the cate­
gory for total respondents. For indepen­
dent firms and service companies, perfo­
rating and wellbore cleanup rank as the 
highest priority that is not considered likely 
to be developed. 

Production 

Based on the survey; the production 
development that will have the highest fu­
ture impact is stimulation technology (Fig­
ure 2-6) . This need is shared by all sectors 
of the industry: majors, other integrated 
companies, and independents. There is a 
moderate expectation that these needs will 
be met in the near term and increasing 
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Figure 2-5 . Drilling and Completion Technologies, Short Term, 
from the 1995 NPC Survey of Research and Development Needs. 
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Figure 2-6. Production Technologies, Short Term., 
from the 1 995 NPC Survey of Research and Development Needs. 
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4-1 2 Gas compression techniques 
4-1 3 Recompletion techniques 
4-1 4  Remote control and data analysis 
4-1 5 Compact processing on offshore platforms 
4-1 6 Modification of reservoir fluid mobilities 
4-1 7 Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 

4-1 9 In situ generation of foams/emulsions 
4-20 Thickeners for C� floods 
4-21 Microbial EOR processes 
4-22 Hig h-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 

4-25 Near well bore stimulation 
4-26 New directional drilling 

Low �--------------------------------------�---------------------� 4-27 Advanced recovery of natural gas 

Low Moderate 
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H igh 

No. of 
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37 
43 
48 
51 
48 
37 
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33 
35 
38 
53 
39 
50 
39 
25 
30 
25 
24 
20 
1 8  
1 4  
23 
22 
1 8  
49 
43 
39 



likelihood that the needs will be met in the 
long ter m. Advanced recovery methods for 
natural gas is an important need for other 
integrated com panies and independents. 
New directional drilling methods will be 
needed in the future, but there is a general 
expectation that this technology will be 
available. 

Deepwater Offshore 

Deepwater offshore needs for technol­
ogy advancement were prioritized in the fol­
lowing order in the short ter m (Figure 2-7) : 

1. Multiphase pumps 

2 .  Risers 

3 .  Flow lines 

4. Flow metering 

S. Workover 

6 .  Hydrate prevention 

7 .  Subsea equipment 

8.  Extended reach wells 

9 .  Drilling. 

Only the maj ors identified higher impact 
needs in the long ter m: multiphase pumps 
and workovers. 

The write-in areas of concern concen­
trated on mooring systems, paraffin buildup 
prevention, and pipeline laying, repairing, 
and pigging. Remote power distribution 
systems and remote controls were also sug­
gested as areas of high technology need. 

Arctic Region Activities 

The Arctic region activities area re­
ceived responses primarily from the majors, 
with one or two responses from the inde­
pendents and the service com panies.  
There were no responses from the other in­
tegrated oil and gas companies. Two areas 
received a medium to high impact rating. 
They are development and drilling (Figure 
2-8) . These categories are very general 
and do not define specific areas to focus re­
search and development. There was skep­
ticism that the technology would be com­
mercially available in all categories, but 
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Arctic drilling seemed to be of less concern 
in the near term than the other areas. 

More people responded to the long­
term time frame than the short term. This 
could indicate that the industry believes the 
Arctic is a long-range frontier t o  be ad­
dressed after the year 1999. The impact of 
Arctic technology is less than the deepwa­
ter area. 

Ref"lning 

The im pact of advances in technolo­
gies on the per for mance of the refining 
area is governed largely by the business 
enviromnent. The majors, other integrated 
com panies, and independent s  perceive 
that advances in the following technology 
areas will have major impacts on the per­
for mance of their operations in both the 
short ter m (Figure 2-9) and the long term: 

• Catalysts with improved selectivities 

• Plant and process reliability 

• Energy efficiency of operations 

• New approaches for refining heav y 
feedstocks 

• Relating chemical composition to per­
for mance of processes and products 

• Perfor mance (including environmen­
tal) characteristics of new hydrocar­
bon fuels (such as future reformulated 
gasolines) 

• Separations. 

The majors tend to place greater impor­
tance on the need for advances in plant and 
process reliability and on the need for new 
processes for heavy feeds, while the inde­
pendents emphasize separations technolo­
gies to a greater extent than do the majors. 

Catalysts, which have been a mainstay 
for refining technology; are viewed as an 
area that will have one of the greatest im­
pacts but is one in which the industry is con­
fident that successful advances will occur. 
On the other hand, the industry as a whole is 
less confident that advances in technology 
for energy efficiency or processing heavy 
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Figure 2-7. Deepwater Offshore Technologies, Short Term, 
from the 1 995 NPC Survey of Research and Development Needs. 

- - - - - - - - - - - - - - - - ·- · - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 

5-8 . 
5-1 3• 

I I 

5-9 • 
5-1 5• 

I 5-1 0• : 5-6 . - - - - - - - - - - - - - - - - -I - - - - - - - - - - - - - - - - - - r5:. ts-- - •5;;; tz - - - - - - - -

Low 

5-4 . 

Moderate 

I mpact of Need 

' • 5-5 
5-7 • 

5-1, 5-1 4• 
5-3..-• 

5-1 1 • . 5-2 

H igh 

Technology 

5-1 Produced fluid d isposal 
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5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 

5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0 ROV systems 
5-1 1 Drilling 
5-1 2 Workover 
5-1 3 Water/gas injection 
5-1 4 Hydrate prevention 
5-1 5 Multi-phase pumps 

5-1 6  Structures 

No. of 
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Figure 2-8. Arctic Region .Activities, Short Term, 
from the 1995 NPC Survey of Research and Development Needs. 
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Flgul'e 2-9. Oil Pl'ocessing and Refining Technologies, Shol't Tenn, 
fl'om. the 1 995 NPC Sui'Yey of Reseuch and Development Needs. 
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7-2 Hydrogen production and recovery 
7-3 Plant and process reliability 
7-4 Unconventional process technology 
7-5 N ew materials of construction 
7-0 Reactor engineering and modeling 
7-7 Catalyst manufacturing technology 
7-8 Risk assessment methodology 
7-9 Solid acid catalysts 
7-1 0 Alternatives to olefin alkylation process 

7-1 1 Techniques for integration of environmental 
solutions into process and plant design 

7-1 2 Improved on-line NDE inspection technology 
7-1 3 Predicting useful remaining lifetimes 

of aging equipment 
7-1 4 Robotics for safety applications 
7-1 5 Worker safety systems 
7-1 6  Energy efficiency of processes 
7-1 7 Energy efficiency of equipment 

7-1 8 Energy efficiency of separations 
7-1 9 Separations technologies 
7-20 Determining chemical composition of 

crudes, refinery intermediates , and products 
7-21 New approaches to refining heavy feeds 
7-22 Processing synthetic fuels 
7-23 Conversion of methane to liquid fuels 
7-24 Relating chemical compositions to process 

and product performance 
7-25 Advanced computational modeling of 

processes/reactions 
7-26 Advanced control and information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 
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feeds will be commercialized in the short or 
long term. Reliability is a major current is­
sue for the majors, but they believe their 
technology needs will probably be met in 
the near term. 

Gas Processing 

No technology from this area made the 
overall key technology need area. How­
ever, several are very important to the inde­
pendents. The respondents ranked separa­
tion of high impurities and trace constituent 
areas as highest impact followed by acid 
gas removal and gas dehydration. This may 
reflect the belief that new gas sources will 
be higher in impurities, thus requiring more 
processing. A number of respondents ex­
pressed concern about hydrate control and 
removal. There was perceived to be a sig­
nificantly higher short-term impact from ad­
vances in these technologies (Figure 2- l 0) . 

Gas Gathering 

Compression improvements and multi­
phase metering are deemed to have the 
highest short-term impact and have the 
highest likelihood of not being commer­
cially available (Figure 2- l l ) .  New com­
pression improvement will have the great­
est impact in the long term, reflecting the 
respondents' view that the needs will not 
be met in the short term. 

Gas Storage 

Well gas deliverability restoration and 
reservoir management ranked as high­
impact technologies in both the short and 
long term . These are expected to be 
achieved by the long term. In the short 
term, base gas minimization techniques 
ranked very high reflecting the large dollar 
commitment required (Figure 2- 12) .  

Environmental 

Environmental requirements cut across 
all sectors of the industry, and compliance 
with regulatory requirements is a major ex­
penditure for all participants in the industry. 
The one area that the industry respondents 
consistently ranked as having a high impact 
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in the short term is the need for advances in 
improving the scientific basis for risk-based 
environmental assessments (Figure 2-13) .  
The need is for environmental cleanup stan­
dards that balance the need to minimize 
risks to human health and ecosystems with 
costs and benefits of the cleanup. 

SUMMARY 

The survey results indicate that there 
are several technology needs that the in­
dustry feels may not be met. The survey 
also indicates that majors, other integrated 
oil and gas companies, independents, and 
service companies have distinct technology 
needs. As indicated in the composite of key 
technology needs of the 1 1  technology 
areas, high areas of impact identified were: 

• In the upstream: 

- High-resolution depth imaging 

- Improved well productivity 

- Hydrate control and prevention 

- Paraffin control (for independents) 

- Horizontal well technology (for ser-
vice companies) . 

• In the downstream: 

- Catalysts with improved selectivi­
ties, yields, and lifetimes 

- New approaches to refining heavy 
feeds 

- Improved energy efficiency of pro-
cesses and equipment 

- Improved plant and process reliability 

- Separations technologies. 

The above examples illustrate some of 
the highest priority distinct technology needs 
from the survey. .Although some of the needs 
overlap, the priorities change with the size 
and type of company and with the level of re­
search budget. The willingness to collabo­
rate also changes by specific technology 
need. This chapter has needs plots for the 
composite of key technology needs and each 
of the key technology areas. Appendix D 
contains additional plots for the research and 
development needs of the industry by spe­
cific groups of survey respondents. 
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Figure 2-10.  Gas Processing Technologies, Short Term, 
from the 1 995 NPC Survey of Research and Development Needs. 
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Figure 2-1 1 .  Gas Gathering Technologies,  Short Term, 
from. the 1995 NPC Survey of Research and Development Needs. 
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Figure Z-12.  Gas Storage Technologies, Short Term, 
from the 1995 NPC Survey of Research and Development Needs. 
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CHAPTER THREE 

How LABORATORY CAPABILITIES RELATE 
TO INDUSTRY NEEDS 

This chapter contains four sections . 
First is a description of the survey of the ca­
pabilities of the nine DOE national laborato­
ries and the National Institute for Petroleum 
and Energy Research (NIPER) related to oil 
and gas industry areas of technology; fol­
lowed by a discussion of the fmdings. Next 
is a section on how the laboratory capabili­
ties align with industry needs. Finally, there 
are observations concerning areas for col­
laboration. 

SURVEY OF CAPABILITIES 

The oil and gas industry has tradition­
ally worked with universities, research insti­
tutes, and service companies to develop 
technology; and their capabilities are well 
known. The capabilities of the government 
laboratories are less well-known to the in­
dustry and a need was felt to obtain spe­
cific information on the RD&D that the na­
tional laboratories were performing in 
support of the industry. 

As indicated in - Secretary O 'Leary's 
original request letter to the Council, one of 
the key components of the programs in the 
Domestic Natural Gas and Oil Initiative is to 
"stimulate, facilitate, and coordinate the de­
velopment and transfer of technology to the 

U.S. petroleum industry through technical 
interactions and collaborations with DOE's 
National Laboratories." Since analyzing the 
capabilities of all national laboratories was 
an undertaking the Council did not have 
the time or the resources to develop, the 
NPC focused its laboratory capability ex­
amination on NIPER and the following nine 
DOE national laboratories: 

• Argonne National Laboratory 

• Brookhaven National Laboratory 

• Idaho National Engineering 
Laboratory 

• Lawrence Berkeley Laboratory . 

• Lawrence Livermore National 
Laboratory 

• Los Alamos National Laboratory 

• Oak Ridge National Laboratory 

• Pacific Northwest Laboratory 

• Sandia National Laboratory. 

These nine national laboratories and NIPER 
are hereafter collectively referred to as The 
Labs. These data do not include informa­
tion on the approximately $26 million of 
RD&D at DOE technology centers not in­
cluded in the above list. 
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The NPC was fortunate to obtain the 
assistance of the Partnership Office of the 
Natural Gas and Oil Technology Partner­
ship (Partnership) in coordinating and col­
lecting the information for The Labs. The 
Partnership is a part of the national labora­
tory system that was developed to promote 
interactions between the national laborato­
ries and the oil and natural gas industry. 

Data Collection Methodology 

The NPC formally requested that the 
Partnership coordinate the collection of 
data relevant to laboratories '  capabilities 
and provide their perspective on those ca­
pabilities. The NPC and the Partnership 
worked closely to define the types of infor­
mation required to assess the capabilities 
of The Labs. 

This information serves two purposes: 

• Identifies The Labs' capabilities that 
relate to identified industry teclmology 
needs. 

• Provides a versatile, useful catalog of 
The Labs' projects and capabilities. 

The input from the Partnership draws 
upon a wealth of data submitted by The 
Labs. The data were compiled into the fol­
lowing categories, each of which appears 
as a separate appendix: 
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• Project Summaries: This section pro­
vides the most quantitative input in the 
form of one-page summaries of pro­
jects, which reflect current capabilities 
being applied in areas of direct inter­
est to the petroleum industry. "Cur­
rent" is defmed as ongoing or active 
within the past five years. Total funding 
over the past five years (even though a 
project may have begun or been com­
pleted earlier) was taken as a measure 
of level-of-effort and capability. Each 
summary is tied to one or more of the 
1 1  technology needs categories and 
1 76 individual technologies defined by 
the NPC in its survey of  industry 
needs. A standard input template and 
set of instructions were provided to fa-

cilitate data collection, and summary 
data were entered into a relational data 
base. The indexing of The Labs' capa­
bilities by industry needs category 
represents the best judgment of the 
author of the project summary. A limit 
of approximately 50 summaries per 
lab was suggested to maintain a man­
ageable size. Often The Labs com­
bined individual projects in a way to 
reflect an overall capability. The data 
are contained in Appendix E (Volume 
ill of this report) , Part I .  This appendix 
also contains a cross reference of the 
individual project summaries by tech­
nology needs category and capability 
index number. The table is divided 
into two parts. Part A is an index by 
primary technology needs category, 
and Part B is an index by individual 
teclmology needs. 

• Enabling Capabilities: This section de­
scribes enabling capabilities or teclmi­
cal strengths of The Labs which have 
potential value, but which are not now 
necessarily being applied to the oil 
and gas industry, and thus may not be 
captured in the project summaries . 
The Labs were each given the oppor­
tunity to describe up to 20 such capa­
bilities, but limited to six pages. Again, 
each capability is tied to one or more 
of the technology needs categories 
and individual teclmologies. The data 
are contained in Appendix E, Part II. 

• Historical Legacy: The Labs were each 
given the opportunity to describe its 
"legacy" (i . e . , activities predating 
199 1) that led to its current technology 
position relative to the oil and gas in­
dustry. This background information 
is valuable in setting the stage for the 
current activities described in the pro­
ject summaries. This input was limited 
to one page. The data are contained 
in Appendix E,  Part ill. 

DISCUSSION OF FINDINGS 

The major purpose of the project sum­
maries is to relate the capabilities of The 
Labs to the teclmology needs identified by 



industry. The Labs selected, for each pro­
ject summary; a primary teclmology needs 
category. All funding for the project was 
assigned to this primary listing; other sec­
ondary categories could be listed if de­
sired. 

Two measures of The Labs' capabili­
ties are the number of projects and the cu­
mulative funding over the past five years. 
Table 3- l presents the overall number of 
projects and total FY9 l -FY95 funding for 
the primary needs category listed for each 
of the 383 projects. The cumulative funding 
for the five-year period was about 
$600 million. This is equivalent to the cu­
mulative five-year research expenditures of 
many individual majors. A significant por­
tion of the $600 million represented broad 
capabilities rather than projects specifically 
directed toward oil and gas needs. We 
conclude that the existing effort is large 
enough that it deserves attention, to ensure 
that it is producing worthwhile results. 

The Labs have significant funding and 
a large number of proj ects in the three 
technology needs categories of Environ-

mental and Regulatory; Oil Processing and 
Refining, and Development. Together they 
represent 7 5 percent of the funding and 
73 percent of the projects identified by The 
Labs. Total funding during the last five 
years for these three technical categories is 
nearly $450 million. 

The Labs participate at a modest level 
in the teclmology needs categories of Ex­
ploration, Drilling and Completion, and 
Production. These three categories repre­
sent equal shares of about 1 8  percent of the 
funding of the projects identified by The 
Labs. Total funding during the last five 
years for these three technical needs cate­
gories is about $ 1 06 million. 

The Labs participate at a low level in 
the technology needs categories of Gas 
Storage, Gas Processing, Deepwater Off­
shore, Gas Gathering, and Arctic Region 
Activities. These five categories represent 
7 percent of the funding and 9 percent of 
the projects identified by The Labs. Total 
funding during the last five years for these 
five technical categories has been $42 .5  
million. 

TABLE 3·1 

NPC TECHNOLOGY NEED CATEGORY STATISTICS 

Number of FY91 -FY95 Funding Funding 
Technology Need Projects ($Million) (Percent) 

1 Exploration 25 38 6.3 

2 Development 68 1 23 20.6 

3 Drilling and Completion 22 36 5.9 

4 Production 23 33 5.5 

5 Deepwater Offshore 7 4 0.7 

6 Arctic Region Activities 2 1 0.2 

7 Oil Processing and Refining 95 1 56 26.0 

8 Gas Processing 14 1 2  2.1 

9 Gas Gathering 6 4 0.6 

1 0  Gas Storage 4 21 3.5 

1 1  Environmental and Regulatory 117 1 71 28.5 

Totals 383 599 1 00 
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Individual Technologies 

The data were sorted by total FY9 l ­
FY95 funding for individual technologies as 
a way of examining the level of oil and gas 
industry related activity at The Labs. Those 
that stand out well above the average are 
shown in Thble 3-2 . The three technology 
needs of Environmental and Regulatory 
($53 million) , Development ($42 million) , 
and Oil Processing and Refining ($28 mil­
lion) account for over 60 percent of funding 
for individual technologies. 

Laboratory Oil and Gas Project .Activ­
ity for the Past Five Years 

Figures 3- l and 3-2 show the trend of 
The Labs' activity in oil and gas projects 
over the past five years. The FY9 l -FY95 
funding information was analyzed assum­
ing a linear distribution of funding over a 
stated multi-year period and then summed 
by year. A strong trend of increased num­
ber of projects (> l 00 percent) and funding 
(>250 percent) between 1 99 1  and 1995 is 

·
clearly evident. This reflects the strong 
push by DOE and The Labs for increased 
participation with industry, and the oil and 
gas industry in particular. 

Maturity Statistics by Category 

A maturity index was provided for 
each project summary, ranging from Basic 
Research ( l )  through Applied Research (3) 
and Development (5) to Ready-to-Use (7) . 
The latter typically means demonstration, 
but sometimes means deployment. The 
Labs were allowed to respond with a single 
index or a range of numbers. In the analy­
sis, both the number of projects and fund­
ing is distributed over the specified matu­
rity index or range for each of the l l  
technology needs categories (i . e . , if a 
range of 2 to 5 was given, a quarter of the 
project and of the funding was assigned to 
each index value of 2 ,  3 ,  4 ,  and 5) . The re­
sults are presented in Thbles 3-3 and 3-4. 
Figures 3-3 and 3-4 show the overall distri­
bution. While interpretation of the data is 
subjective, we conclude that the majority of 
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The Labs ' focus is on applied research 
rather than basic research or technology 
deployment. 

BOW LAB CAPABILITIES MATCH 
INDUSTRY NEEDS 

It is clear that The Labs have outstand­
ing RD&D capabilities in many energy­
related technologies. The key issue to ad­
dress is what are the best roles for The 
Labs in partnership with the oil and gas in­
dustry. There are a number of factors to 
consider including the current activities . 
The roles need to be consistent with the 
long-term missions of The Labs and the 
needs of the industry. Also, the impact on 
research efforts at universities or private re­
search organizations should be carefully 
considered. 

An area of mutual benefit between The 
Labs and the oil and gas industry is the 
area of "dual use." The Labs have devel­
oped very extensive capabilities in con­
junction with their missions in national 
security. These resources are used infre­
quently by the oil and gas industry, but are 
unique and therefore invaluable when 
needed. A good example is the technical 
capability in the area of  high explo­
sive/shaped charge design that exists at 
Sandia, Livermore, and Los Alamos. Liver­
more's High Explosive Research Facility is 
a unique capability in this field. Joint pro­
jects using technology developed at the 
laboratories have made the oil and gas in­
dustry both more efficient and safer. The 
numerical methods developed for efficient 
use of parallel computers to solve national 
security problems have direct application 
to the oil and gas industry and this is an­
other example of "dual use." 

The role of The Labs in more applied 
projects is quite varied and not so well­
defined. We agree with and quote from the 
Galvin task force report: "Alliances with 
the industrial users of the technology will 
be critical.  RD&D produces knowledge, 
but the implementation of that knowledge 



TABLE 3-2 

INDIVIDUAL TECHNOLOGY FUNDING IN THE LABS 

Technology Needs 
Funding 

FY91 -FY95 
Reference* ($Million) 

Exploration 

Geographic Information Systems 1 - 1 5  $1 0.4 

Specialized Seismic Processing 1 - 4  $ 9.9 

Development 

Cross Well Geophysical Imaging 2 - 1 0 $22.8 

Advanced Reservoir Simulation 
Modeling 2 - 25 $1 9.5 

Drilling and Completion 

Slim Hole Drilling 3 - 9  $ 7.0 

Cementing 3 - 4  $ 5.7 

Production 

Corrosion Control 4 - 3  $ 8.7 

Microbial EOR Processes 4 - 21 $ 5.6 

Deepwater Offshore 

Structures 5 - 1 6 $ 2.7 

Risers 5 - 9  $ 1 .4 

Arctic Region Activities 

Development 6 - 3  $ 1 . 1  

Oil Processing and Refining 

Catalysts with Improved Selectivities, 
7 - 1 $23.4 Yields, Lifetimes 

Process and Plant Design 7 - 3 $1 4.7 

Gas Processing 

Acid Gas Removal 8 - 2  $ 7.4 

Natural Gas Liquid Separation 8 - 4  $ 1 .9 

Gas Gathering 

Multi-phase Metering 9 - 5  $ 1 .2 

Compression 9 - 1 $ 0.9 

Gas Storage 

Unconventional Development 1 0 - 7  $1 6.5 

Leak Detection and Mitigation 1 0 - 2 $ 1 . 1  

Environmental and Regulatory 

Remediation Technology 1 1  - 1 2  $30.4 

Effluent and Emission Monitoring, 
Minimization, and Control 1 1  - 1 0 $22.3 

* Refers to technology need designation in the NPC survey. 
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TABLE 3-3* 

MATURITY STATISTICS BY TECHNOLOGY NEED-PROJECT DISTRIBUTION 
(Number of Projects) 

Technology Need One Two Three Four Five Six Seven Total 

Exploration 1 .6 3.9 8.4 3.7 4.3 2.0 1 .0 25 
Development 4.2 3.9 1 5.0 1 2.2 1 7.4 7.6 7.7 68 
Drilling and Completion 0.0 0.7 4.0 5.0 7.3 2.7 2.4 22 
Production 0.5 1 .4 7.7 4.9 3.9 2.5 2.2 23 
Deepwater Offshore 0.0 0.0 0.9 1 .4 1 .9 1 .7 1 .2 7 
Arctic Region Activities 0.0 0.0 0.0 0.0 1 .0 0.0 1 .0 2 
Oil Processing and 

Refining 7.0 7.5 25.5 1 1 .5 28.0 8.5 7.0 95 
Gas Processing 2.0 1 .3 1 .3 3.8 3.4 2.3 0.0 14  
Gas Gathering 0.0 0.0 0.0 0.5 3.5 0.5 1 .5 6 
Gas Storage 0.0 0.0 1.5 0.5 0.5 0.5 1 .2 4 
Environmental and 

Regulatory 1 .7 4.7 19.7 1 0.9 39.0 24.9 1 6. 1  1 1 7 
Totals 17 23 84 54 1 1 0  53 41 383 

*Maturity Index - One = Basic Research. Seven = Ready to Use. 

TABLE 3-4* 

MATURITY STATISTICS BY TECHNOLOGY NEED-FUNDING DISTRIBUTION 
(Millions of Dollars) 

Technology Need One Two Three Four Five Six Seven Total 

Exploration 1 .5 2.7 7.3 6.0 9.7 6.6 4.2 38.0 
Development 2.7 5.8 23.0 21 .3 31 .4 1 8.0 21 .3 1 23.3 
Drilling and Completion 0 0.7 3.4 5.2 1 7.5 4.5 4. 1 35.5 
Production 1 .4 2.3 7.7 5.1 5.8 5.8 5.0 33.0 
Deepwater Offshore 0 0 0.9 1 .2 1 .3 0.4 0.4 4.2 
Arctic Region Activities 0 0 0 0 1 . 1 0 0. 1 1 .2 
Oil Processing and 

Refining 1 1 .3 1 1 .2 33.5 1 7. 1  56. 1  16.8 9.6 1 55.7 
Gas Processing 3.8 0.6 1 .0 1 .7 4.3 0.9 0 1 2.3 
Gas Gathering 0 0 0 0.4 2.4 0.4 0.7 3.9 
Gas Storage 0 0 4.2 4.1 4.1  4.1 4.4 21 .0 
Environmental and 

Regulatory 1 .2 3.6 25.6 1 0.9 55.6 45.8 28.0 1 70.7 
Totals 21 .9 27.0 1 06.6 73.1 1 89.3 1 03.1 77.8 598.8 

*Maturity Index - One = Basic Research. Seven = Ready to Use. 
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in plants and products must be done by in­
dustry If industry is not intimately involved 
in the planning and development of that 
knowledge, they will be slow to implement 
it if they do so at all.'' I The next section of 
this chapter will look at the combination of 
factors that must be considered to deter­
mine what are good program areas and 
projects for The Labs in conjunction with 
the oil and gas industry. 

Methodology of Survey .Analysis 

To determine the alignment between 
the industry needs and the capabilities of 
The Labs, several criteria were developed 
to help understand the data. The most im­
portant factors are the industry assessment 
of the impact of technology, the willingness 
and ability of The Labs and industry to col­
laborate, the size and objectives of past 
and existing Lab projects, and the enabling 
capabilities of The Labs. The judgment 
and experience of the study participants 
are important factors in validating and in­
terpreting the data. 

These criteria were used in combina­
tions to serve as screens to analyze the 
data. In one approach, a list of projects that 
would have highest impact on our business 
in the short and long term was identified. 
In this example ,  Lab funding levels and 
numbers of Lab projects were used to mea­
sure the level of effort in the laboratories. 
The project descriptions and enabling ca­
pabilities were used to help assess the 
quality and value of the work performed. 

Another approach was to look for 
areas of high funding and compare the list 
with industry ranking of impact and willing­
ness to collaborate with The Labs. It was 
assumed that the independents would col­
laborate in conjunction with the service 
companies. Again, the project description 

l Secretary of Energy Advisory Board, Task Force 
on Alternative Futures for the Department of Energy Lab­
oratories, Alternative Futures for the Department of En­
ergy National Laboratories, February 1 995. 

and enabling capabilities were used to as­
sess the quality and value of the work 

Results of Survey .Analysis 

The analysis identifies several areas 
that are good fits for partnership, as well as 
highlights some areas where large expen­
ditures by The Labs are not aligned with 
industry needs . It also revealed high­
impact technology areas with very small 
project effort by The Labs. Several conclu­
sions resulted and are contained in the fol­
lowing list. 

1 .  There is a good match between existing 
Lab projects and industry needs in sev­
eral individual technology areas. This 
is indicated by high-impact ratings 
coupled with a desire to collaborate 
with The Labs. The projects with high­
est impact and those with large fund­
ing are discussed below: 

- High-resolution seismic depth mi­
gration technology - Advances in 
this technology are highly valued by 
industry and take advantage of 
strong computational capabilities of 
The Labs. 

- Specialized seismic processing -
The high level of industry interaction 
in most of these projects is some­
what surprising given the lower in­
terest in collaboration shown in the 
needs survey. There are other in­
dustry sources for some of this tech­
nology; therefore, a continued high 
level of industry participation should 
be a key criterion for renewal of 
these projects. 

- Computer based 3-D geological 
modeling - Improvements to this 
technology take advantage of 
geotechnical and computational 
strengths of The Labs. 

- Development-scale seismic applica­
tions - Computational and theoreti­
cal capabilities of The Labs are im­
portant to the success of  these 
projects, which have been reviewed 
and approved by industry through 
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the Advanced Computational Tech­
nology Initiative (ACTI) . The service 
industry's participation will expedite 
the commercialization of results. 

- Advanced fracture techniques -
The Lab proj ects in this area are 
done as part of Gas Research Insti­
tute studies.  Strong industry input 
validates both the value of the work 
and the technical fit of The Labs as 
partners. 

- Well productivity - Significantly im­
p rove d well pro ductivity is ex­
tremely important if the industry is 
going to supply the hydrocarbon 
demand. These projects received 
industry review and approval as part 
of the Partnership program. 

- Cross-well seismic imaging - The 
industry recently made a decision to 
move from a proprietary to a collec­
tive mode to develop technology in 
this area. The Labs responded to 
the industry need by participating 
as an active partner. Several pro­
j ects received industry review and 
approval as p art of the Borehole 
Seismic Forum, a technology area of 
the Partnership program. 

- Plant and process reliability - Sev­
eral of The Labs' projects take ad­
vantage of strengths in materials , 
corrosion, and a large project deal­
ing with safety and reliability of the 
Advanc ed Neutron Sourc e .  The 
funding amount that is directly re­
lated to industry needs is probably 
overstated, but The Labs'  work is 
valuable and has industry partici­
pation. 

- Energy efficiency of equipment -
This area takes advantage of Lab 
strengths in materials and corrosion 
and seeks to apply the technology 
to oil and gas industry needs. 

- New approaches to refining heavy 
feeds - This is a very important 
area for refming, both today and in 
the future. Lab projects target indus-

try needs and there is good industry 
participation. The projects take ad­
vantage of the wide variety of The 
Labs' capabilities including process 
engineering, computational model­
ing, and characterization methods of 
heavy feeds and syncrudes. 

2 .  The Labs had limited projects in pro­
duction stimulation, and they were not 
se en to be a ddressing th e kin d of 
breakthrough that is needed. Produc­
tion stimulation has high-impact poten­
tial and industry indicates a willing­
ness to collab o rate with others 
including The Labs. There is one Lab 
project in this area that dealt with the 
use of very-high-power microwaves to 
change permeability characteristics of 
the reservoir. Projects that fit this cate­
gory should be reviewed carefully. 

3.  There were several technology areas 
that were identified by industry as hav­
ing the potential for high impact for 
which there is little effort by The Labs. 
Examples of where effort by The Labs 
is lacking are extended reach drilling, 
subsea systems, multi-phase equip­
ment, performance and envirorunental 
characteristics of new hydrocarbons, 
and conversion of methane to liquid 
fuel. The lack of effort in these areas is 
consistent with the lack of relevant Lab 
enabling capabilities at The Labs and 
the ability of the industry to develop 
these technologies collectively outside 
of The Labs. The Labs should not be 
heavily involved in these areas, and 
they are to be commended for not du­
plicating industry efforts. Other tech­
nology areas include: through-casing 
logging, permeability logging tech­
niques, near wellbore stimulation, new 
directional drilling techniques,  ad­
vanced recovery of natural gas, deep­
water drilling, deepwater workovers, 
hydrate prevention, Arctic drilling, gas 
compression, gas storage, reservoir 
management, and base gas minimiza­
tion. In some of these, The Labs ap­
pear to have the relevant capabilities 
for RD&D. 



4. A few projects consume large re­
sources in the laboratories and unnec­
essarily duplicate efforts in the private 
sector. Examples are geographical in­
formation systems and catalysts with 
improved selectivities, yields, and life­
times .  Continued participation in 
these projects should be reviewed. 

5 .  The appropriateness of The Labs ' in­
volvement in alternative gas storage 
technology is questionable. While 
there is a large project for geoteclmi­
cal support to the Strategic Petroleum 
Reserve,  it does not imply that The 
Labs should perform RD&D in the area 
of alternative gas storage. 

6. Careful review of the relevance of sev­
eral energy efficiency programs to in­
dustry needs is required. With the ex­
ception of  the research on high 
performance,  compact evaporators 
and condensers, projects in the energy 
efficiency category dealt principally 
with advanced bioreactor concepts 
and improved efficiency of equipment 
for the paper and pulp industry. The 
oil and gas industry is looking for 
more efficient processes, particularly 
in the area of light gas streams contain­
ing hydrogen. 

7 .  Better interaction between industry and 
The Labs will be required to tailor 
RD&D separation technologies research 
to fit the need. The major portion of 
The Lab effort ascribed to this area 
comes in the form of strengths in ana­
lytical chemistry. Other projects look 
at magnetic and membrane separation 
technologies. 

8. There is a need is for a scientific basis 
for environmental cleanup standards 
that balance the need to minimize risks 
to human health and ecosystems bene­
fits with the costs of cleanup. Providing 
the scientific basis for risk-based reg­
ulation was identified as having high 
impact by the industry coupled with a 
strong interest in collaborative devel­
opment of the technology: There were 
several Lab projects with large funding 

that were classified as belonging to 
this subtopic, which did not appear to 
address industry concerns but were 
directed towards improved analytical 
methods. The enabling capabilities of 
The Labs indicate that projects that 
much more closely meet industry 
needs should be possible. 

9 .  Projects dealing with fluid forces on ris­
ers and deepwater eddies take advan­
tage of the theoretical and computa­
tional competencies of The Labs. 

10 .  The Labs do not conduct large pro­
jects to develop new production sys­
tems or techniques for Arctic develop­
ment. The funding assigned to this 
area was two studies conducted for the 
state of Alaska addressing several in­
dustry issues, rather than for produc­
tion system RD&D. 

SUMMARY 

There is considerable interest within 
the oil and gas industry to expand collabo­
rative RD&D projects to develop oil and gas 
technology: Industry will work with the De­
partment of Energy to ensure that govern­
ment policy serves to enhance and enable 
this collaboration rather than impede or 
compete with industry efforts. 

The Labs are not and should not be­
come the national research and develop­
ment organization for the oil and gas indus­
try. They should not become engaged in 
assisting the oil and gas industry to de­
velop technology in all of the areas that 
were designated as high-imp act and 
amenable to collective technology devel­
opment. A good example is The Lab deci­
sion not to become engaged in the devel­
opment of  subsea pro duction and 
extended reach drilling systems. The Labs 
should become involved in an area only if 
the competence of the laboratory already 
exists and if there is clear industry consen­
sus that private sector sources for the tech­
nology are not adequate. 

To quote from the Galvin task force: 
• •The Department of Energy should move to 

53 



strengthen its efforts in fundamental science 
and engineering, both at the laboratories 
and in the universities."2 We agree that this 
is a very appropriate role for The Labs. 
This can be accomplished by increasing in­
dustry input rather than increased funding. 
The relevance and impact of this research 
can be maximized by industry review and 
guidance as well as industry participation. 
The results of this effort should be made 
available to all U.S. industry. There are a 
number of areas where The Labs have 
made substantial accomplishments includ­
ing areas of high-energy physics, atomic 
and nuclear physics, biomedical science, 
material science, fusion energy; and com­
putational science. In many of these areas, 
the oil and gas industry has benefited either 
directly or indirectly. 

There are ongoing programs that use 
the unique facilities that are available at The 
Labs. These joint projects with the oil and 
gas industry enable leading edge research 
to be conducted in a variety of areas. For 
example, Brookhaven's National Syn­
chrotron Light Source and the High Flux 
Neutron Beam Reactor have been utilized 
in programs involving synthesis and char­
acterization of molecular sieves. Similarly 
the pulsed neutron source at Argonne has 
been used in joint projects with the oil and 
gas industry for a number of material prop­
erties projects involving hydrocarbons and 
zeolites. Other unique facilities include 
Livermore's high-powered lasers, Sandia's 
combustion research facility, Los Alamos' 
LAMPF accelerator, and Berkeley's Ad­
vanced Light Source. Projects that utilize 
these facilities represent an excellent 
match between meeting the research 

2 Secretary of Energy Advisory Board, Task Force 
on Alternative Futures for the Department of Energy Lab­
oratories, Alternative Futures for the Department of En­
ergy National Laboratories, February 1995. 
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needs of the oil and gas industry and the 
mission of The Labs. These types of pro­
jects should be continued with the strong 
endorsement by DOE and industry. 

The Labs are a partner of choice in the 
collaboration to develop technology in 
areas that are computationally intensive. 
The ACT! program was established to take 
advantage of this capability and is a posi­
tive step toward becoming industry-driven 
as a result of beginning to change the pro­
ject proposal and prioritization system. 
Participation in the computationally inten­
sive multi-phase, multi-component flow 
modeling in the Deepstar Project is another 
good example. 

The projects that were identified as 
"good matches between industry technol­
ogy need and lab capabilities of The Labs' '  
contained in the prior section should serve 
as examples of the oil and gas applied 
RD&D projects in which The Labs should 
be engaged. 

The Labs played a constructive role in 
helping the industry respond to the deci­
sion that cross-wen imaging technology 
would be  develope d  collectively and 
shared rather than as proprietary technol­
ogy by companies separately. This is an 
example of The Labs reacting to an indus­
try request to become a focal point for in­
dustry collaboration. The evolution of this 
project should be considered as The Labs 
seek ways to become more industry needs 
driven. 

In accordance with the recommenda­
tions of the Galvin task force, The Labs 
should maintain a technology development 
effort in the areas of environmental technol­
ogy that impact the oil and gas industry. 
The enabling capabilities of The Labs are 
strong in the environmental area, and staff 
appear to be very interested in this tech­
nology: 



CHAPTER FouR 
DEVELOPERS AND SUPPLIERS OF 

ADVANCED TECHNOLOGY 

As discussed in Chapter Two, there 
are high-impact technologies that the oil 
and gas industry believes will not likely be 
available when needed. This situation will 
be discussed in terms of the process by 
which technology becomes available to the 
oil and gas industry, the traditional and new 
roles of industry and others in this process, 
and the forces that have led to changing 
roles. Although the discussion of capabili­
ties in Chapter Three focused on the capa­
bilities of The Labs, the oil and gas industry 
has traditionally worked with universities, 
research institutes, service companies, and 
other national laboratories to achieve the 
research and development needs of the in­
dustry. The roles of these institutions and 
oil and gas company research facilities are 
an integral component of delivering the re­
search and development needs of the in­
dustry. This chapter will focus on the 
changing roles of all these developers and 
suppliers of advanced technology. 

For purposes of this discussion, the 
term ' 'technology developers'' will refer to 
organizations that are capable of oil- and 
gas-related research, development, and 
demonstration. There are numerous devel­
opers. Within the industry, the major oil 

and gas companies and the larger service 
companies operate their own research fa­
cilities. As described in this chapter, pri­
vate research organizations , universities , 
and government laboratories also have rel­
evant capabilities. 

The term "supplier" will be used to 
describe organizations that participate in 
technology "deployment," the process by 
which new technology is put to use in an 
operating setting. Suppliers generally are 
in-house departments of an operating com­
pany; or service companies or vendors 
who provide services or materials for a fee. 

CIIANGES IN DEVELOPERS' ROLES 

In-house technology developers-like 
the oil and gas industry itself-are in a state 
of transition that has been brought on by 
the collapse of oil prices in the 1 980s and 
the expectation of constrained oil and gas 
prices in the foreseeable future. Besides 
the direct pressures on in-house develop­
ers created by oil prices and resulting re­
quirements for cost reduction, there are 
other indirect pressures that have resulted 
in a greater proportion of short-term and 
technical service-type activities. 
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Pressures on In-Bouse RD&D 
Organizations 

Basic research has been under pres­
sure because of the long-term investment it 
represents . In addition, RD&D aimed at 
regulatory compliance has displaced some 
potentially more productive efforts. 

Even the majors recognize that they 
cannot justify large RD&D efforts unless 
they can effectively leverage their invest­
ments in technology: The largest gas pro­
ducer in the U.S. accounts for only about 
5 percent of domestic production, and the 
largest oil producer accounts for less that 
1 0  percent. Therefore, there is increased 
effort to get economic return on propri­
etary technology through licensing or tech­
nology exchanges. 

Service companies continue to sup­
port research and development to differen­
tiate themselves from competitors and to 
gain market share. These companies have 
responded to the economic realities of the 
oil and gas industry by refocusing their ef­
forts to the near term. Also, there have 
been several recent mergers of service 
companies. 

The smaller producers (indepen­
dents )-who account for about 60 percent 
of the natural gas production and over 
40 percent of liquids production-have 
not invested in technology development 
in the past, and are not expected to do so 
in the future. Independents depend on 
majors and service companies to develop 
and on service companies to supply the 
advanced technology used in their opera­
tions. 

Trends in Oil and Gas RD&D 
Expenditures 

Table 4- l presents survey data on oil 
and gas industry expenditures for RD&D. 
These data represent the aggregate indus­
try response to Survey Question 13 ,  which 
asked about levels of RD&D expenditures 
for years 1990, 1 994, and 1 998. 
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Table 4- l shows that in nominal dol­
lars , total expenditures reported were 
$2 .4 billion in 1 994 vs. $2 .6  billion in 1 990. 
This reduction of only $200 million appears 
to be somewhat inconsistent with the many 
public and private reports of significant re­
ductions in RD&D budgets and staff over 
this same time period.  Even when ex­
pressed in constant dollars, the reduction is 
19  percent. However, the R&D Needs Thsk 
Group believes that reductions in expendi­
tures have been somewhat greater than 
these data suggest. 

Table 4-2 shows trends in RD&D ex­
penditures among the oil and gas industry 
sectors. The data indicate that the majors 
account for the largest fraction of the indus­
try's RD&D expenditures, although their 
proportion has been reduced from 77 per­
cent in 1990 to 67 percent in 1 994. In con­
trast, service company expenditures are 
now 3 1  percent of the total in 1 994, com­
pared to 22  percent of the total in 1 990 .  
The data also confrrm that the other inte­
grated oil and gas companies and the inde­
pendent producers provide limited funding 
ofRD&D. 

Respondents were asked to identify 
the percentage of total RD&D expenditures 
allocated to only oil, only gas, and both oil 
and gas. The distribution reported was vir­
tually the same for 1 990 and 1 994: 70 per­
cent of the investment in RD&D was di­
rected at both oil and gas applications ; 
22 percent of expenditures were directed 
at primarily oil applications; with 8 percent 
of expenditures directed at primarily natu­
ral gas operations . The respondents re­
ported that the projected distribution of 
expenditures in 1 998 will be similar to 
those of 1 990 and 1 994. 

Implications 

The implications for technology devel­
opment of the reduction in RD&D expendi­
tures is not clear at this time. Industry lead­
ers view the reduction as simply a 
reflection of achieving greater efficiency in 



Majors 

TABLE 4-1 

RD&D EXPENDITURES OF THE OIL & GAS INDUSTRY* 
Billions ($1 990) 

All Respondents 

Respondents Submitting Expenditures 
for All Three Years 

1 990 

2.6 

1 .7 

1 994 

2.4 

1 .6 

1 998 

t 

1 .7 

* Additional RD&D expenditures for oil and gas technology (not part of the survey) 

GRI (private sector funds): $50 million/year directed at natural gas operations 

DOE (public sector funds): $1 00 million/year directed at natural gas and oil operations. 

t Some survey respondents did not submit a 1 998 estimate. 

TABLE 4-2 

RD&D EXPENDITURES OF RESPONDENTS BY INDUSTRY SECTOR 
($Millions) 

1 990 1 994 
Expenditures Percent (%) Expenditures Percent (%) 

2004 76.6 1 638 67.4 

Service Companies 572 21.9 742 30.5 

Other Integrated 35 1 .3 42 1 .7 

Independents 4 0.2 7 0.3 

Total 261 5 1 00.0 2429 1 00.0 

research programs. This argument points 
to the refocusing of in-house RD&D on the 
technology needs with highest impact, the 
effective use of computers and research in­
strumentation that was not available even a 
decade ago, and more effective leveraging 
of funds, including use of research censor­
tia research. 

In contrast, other industry leaders ar­
gue that the reduction in RD&D expendi­
tures will constrain the long-term prospects 
of the oil and gas industry. The arguments 
here point to a reduction in basic research, 
an apparent focus on low-risk, short-term 
research, and significant reductions in re­
search and engineering staffs. There is a 

Source of Technology: 

Project Prioritization: 

Motive: 

Paradigms for Industry RD&D 

OLD PARADIGM 

In-House 

Technology Push 

Own lt 

---:> 

---:> 

---:> 

NEW PARADIGM 

Leverage & Collaborate 

User Needs 

Use lt 
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view that the underlying reduction in effec­
tiveness is greater than the expenditures 
imply because a significant fraction of 
RD&D funds are actually being allocated to 
technical service demands. Furthermore, 
the technological challenges of the industry 
are growing at the same time RD&D expen­
ditures are decreasing. 

It is clear that the oil and gas industry 
will need to carefully manage the situation 
over the next several years in order to as­
sure that it has access to the technology 
needed for its oil and gas operations. 

TBE NEW P.AIUlDIGM FOR 
INDUSTRY RD&D 

The above-mentioned changes and 
pressures have led to a "new paradigm" 
for how the oil and gas industry conducts 
RD&D. The key characteristics of the new 
paradigm are leveraging through collabo­
ration , and focus on customer-driven 
needs. 

From a practical management of RD&D 
point of view, other characteristics are: 

• In-house RD&D is focused on the 
"core technologies" that are critical to 
business competitiveness and market­
place differentiation. 

• Industry is using consortia to minimize 
the cost of technology for regulatory 
compliance that provides no competi­
tive advantage. 

• The trend in the private sector is 
largely toward collaboration to develop 
the fundamental basis required for fu­
ture technology advances in certain 
areas. 

• RD&D funding is carefully managed to 
ensure focus on worthwhile targets 
and timely availability of needed tech­
nology: 

There are other features and several 
implications to the new paradigm. Using 
advanced technology effectively and ag­
gressively is considered a core compe­
tency. Owning the technology is less im-
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portant except for service companies . 
However, the oil and gas industry will con­
tinue to selectively allocate funds to RD&D 
for proprietary technology: 

Advances in oil and gas technologies 
traditionally enter the marketplace over a 
long period of time-on the order of a 
decade. Industry would like to see the cy­
cle time for market introduction reduced 
through aggressive technology transfer and 
commercialization efforts. Some producer 
organizations have dedicated internal staff 
to accelerate the application of advanced 
technology within their organization. 

All sectors of the oil and gas industry 
have reduced emphasis on longer term, 
basic research. However, companies that 
support RD&D will allocate resources se­
lectively to longer term research that is 
considered vital to their business interests. 

Although the private sector will con­
tinue to support selected university re­
search, universities are increasingly being 
asked both to demonstrate that the re­
search has practical application and to ob­
tain higher levels of co-funding from indus­
try or government sources. 

Independent producers will continue 
to be dependent on others for the develop­
ment, commercialization, and application 
of advanced technology used in their op­
erations. 

WILLINGNESS OF INDUSTRY TO 
COLLABORATE 

Survey Results 

The survey sent to NPC members (Ap­
pendix D) included a set of questions deal­
ing with the issue of collaboration. The sur­
vey provided opportunities to respond 
either generally (survey questions 1 4  and 
15) or specifically when dealing with spe­
cific technology collaboration. 

Responses indicated a high overall 
willingness of industry to collaborate (see 
Table 4-3) . On average, 63 percent of all 



TABLE 4-3 

WILLINGNESS TO COLLABORATE ON A SPECIFIC TECHNOLOGY 
(Percent of Responses) 

Vendors/ Oil & 
Service Gas USGS/ 

Com- Com- Univer Research Trade National* State 
panies panies -sities Institutes Assoc. Labs. DOEt Survey 

All Respondents 53 51 48 46 43 42 4 1  36 
Majors 66 57 59 56 49 49 44 41 

Other Integrated 55 53 43 43 45 35 35 35 

Independents 49 48 44 43 43 41 42 35 

Service 33 46 39 29 21 34 34 27 

*The National Laboratories are Argonne, Brookhaven, Idaho National Engineering Laboratory, 
Lawrence Berkeley, Lawrence Livermore, Los Alamos, Oak Ridge, Pacific Northwest, and Sandia. 

tcollaboration with DOE refers to cost-sharing arrangements with Morgantown Energy Technology 
Center, Pittsburgh Energy Technology Center, National Institute for Petroleum and Energy 
Research, Metairie Site Office, and Rocky Mountain Oilfield Testing Center. 

responses to the question for specific tech­
nologies indicated a willingness to collabo­
rate with one or more of the potential part­
ners listed. There was a higher interest in 
collaboration technologies needed in the 
shorter term (by 1999) than in the longer 
term (by 20 1 0) . However, the willingness 
varied both by technology area and indus­
try sector. 

Responses to the general question­
that not tied to a specific technology-indi­
cated that there is a greater willingness to 
collaborate than is presenUy occurring. This 
means that more collaboration will likely 
occur if perceived barriers are addressed. 
As with the responses tied to specific tech­
nologies, these data also indicated a higher 
willingness to collaborate with organiza­
tions that can either be users or providers 
of technology (i.e . ,  oil and gas companies 
and vendors/service companies) . 

The data show a spread from 36 per­
cent to 53 percent in willingness to collabo­
rate when specific technologies were con­
sidered. When asked in general, the range 
jumped to 64-83 percent. This is interest­
ing when one considers that approximately 
40 percent of the respondents already col-

laborate with DOE or the national labora­
tories. 

The survey also provided explanations 
as to why certain respondents were unwill­
ing to collaborate with particular "partner" 
categories. In the responses tied to spe­
cific technologies, a set of pre-identified 
barriers could be identified. In rank order, 
the reasons most frequently selected were: 

1 .  No benefit expected 

2 .  Technology is perceived as too risky 

3. Confidential proprietary concerns 

4.  Intellectual property concerns. 

A write-in blank was provided for 
those who chose the "other reasons" cate­
gory. Responses included: excessive pa­
perwork and red tape, confidentiality is­
sues, intellectual property issues, limited 
budgets and resources, and alignment is­
sues such as business objectives, goal ori­
entation, and timelines. 

Some of the barriers deserve some 
exploration and/or clarification. For ex­
ample: 

• Excessive Paperwork: The paperwork 
requirements for working with the 
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federal government are often exces­
sive (even obsessive) and time­
consuming for industry personnel. 
The delays caused by paperwork are 
exacerbated by lengthy approval 
chains that DOE and The Labs justify 
as good business practice. 

Some examples of alignment issues 
that cause problems are: 

• Hold Harmless Agreements: It is indus­
try practice on collaborative projects 
to have all organizations execute a 
Hold Harmless Agreement that makes 
each organization responsible for the 
injury or death of only its own employ­
ees. However, such agreements are 
not acceptable to DOE. 

• Un certain ty of Ongoing Fun ding: 
When industry invests in a collabora­
tive project with The Labs, they expect 
that the project will be carried to com­
pletion. However-as is currently be­
ing demonstrated-even budget ap­
proval does not guarantee continuity of 
funding. 

Finally; even the political environment 
can cause uncertainties that impede 
action. 

• Perception of Partnerships: Recent 
changes in Congress are prompting a 
new look at the future role of DOE and 
the national laboratories, as well as the 
industry partnership arrangements 
with DOE and other agencies. The 
outcome of these decisions could have 
a profound impact on the magnitude 
and direction of future interactions be­
tween the petroleum industry and The 
Labs. A common need is providing 
supporting legislation for stability of 
funding. 

The diversity of the responses written 
in seems to explain why "other reasons" 
was ranked high among predefmed barri­
ers. It is interesting to note that the ranking 
of reasons was different for short-term and 
long-term needs, showing a greater inter­
est on the near term. It can be inferred 
from this that there is more focus on collab-
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oration for the application of technology in 
the short term. 

In summary; the primary barriers to 
formation of industry-Lab partnerships are 
primarily institutional and financial, not 
technical. To a significant degree, these 
barriers appear to be the result of redun­
dant layers of management, and the exten­
sive role that DOE maintains even in 
contractor-operated facilities. 

Trends in Willingness to Collaborate 

The survey results indicated a willing­
ness to collaborate. The reality of this will­
ingness is demonstrated by several trends: 

• The oil and gas industry is establish­
ing industry-funded alliances with 
other private sector organizations, uni­
versities, and the federal government 
to leverage funds and share in the de­
velopment of advanced technology. 
The Petroleum Environmental Re­
search Forum (PERF) is an example. 

• Refiners are working closely with indi­
vidual vendors to specify closely held 
specialty catalysts and chemicals. 

• The oil and gas industry is more re­
ceptive to looking at non-industry 
sources of technology; such as the de­
fense industry and The Labs, for ad­
vanced solutions to both traditional 
and non-traditional problems. 

• Strategic alliances among oil compa­
nies in the refinery sectors are not 
common, but their number may be in­
creasing. Most are with foreign enti­
ties, although some cooperative devel­
opment agreements are being made 
among domestic refineries. 

MECIIANISMS FOR INDUSTRY-LAB 
COLLABORATION 

As discussed in Chapter Three, there 
are a number of different and distinct rea­
sons for the oil and gas industry to partici­
pate in technology development and trans­
fer with The Labs: 



• To address possible shortfalls in indus­
trially sponsored basic research, and 
perhaps applied research also, includ­
ing access to unique capabilities. 

• To develop and apply technology ex­
isting in The Labs. 

• To reduce time and cost to develop in­
dustry-shared technologies. 

• To obtain technology that can enhance 
efficiency and competitiveness . A 
large number of industry companies­
in particular the independents-don't 
have in-house RD&D capabilities. 

Somewhat corresponding to these dif-
ferent reasons for technology transfer, there 
are a variety of mechanisms available. I 

The Partnership Concept 

The partnership concept is that the in­
dustry and The Labs can team for their mu­
tual benefit. The most appropriate mecha­
nism is determined by the role of the 
particular technology: The closer the tech­
nology is to playing a distinguishing com­
petitive role, the more tightly these collabo­
rations are held.  In one extreme , a 
collaboration will consist of one company 
and an external research partner in which 
rights to intellectual property are clearly 
protected. At the other extreme, a sizable 
consortia of industry members and ven­
dors will form to pool funding and re­
sources for development of a technology 
that, by itself, will not impact the relative 
competitive positions of the companies. 

An example of the partnership con­
cept is the Advanced Computational Tech­
nology Initiative (ACTI) program, which is 
focused on strengthening the technology 
base of the oil and gas industry in explo­
ration, production, and processing. Under 

1 CRADAs and other mechanisms of interaction 
with The Labs are described in detail in DOE publica­
tions including a DOE report entitled "Oil Technology 
Transfer: A Report to Congress, " October 1 993, which 
discusses these programs in some detail. 

ACTI, about $27 million has been allocated 
to fund 3 1  projects. 

Another is the Natural Gas and Oil 
Technology Partnership (Partnership) , 
which is an expansion of the Oil Recovery 
Technology Partnership that was initiated in 
1988 by DOE at the Los Alamos and Sandia 
National Laboratories. This program is fo­
cused on transferring to the oil and gas .in­
dustry technologies derived from DOE­
funded weapons and energy, research and 
development programs. 

Cooperative Research and Develop­
ment Agreements (CRADAs) 

The CRADA mechanism was autho­
rized by Congress to facilitate the commer­
cial application of technical capabilities 
already available in government laborato­
ries. (This mechanism is NOT unique to 
DOE. )  Key features of the CRADA are : 
(1)  industry must cost-share; no transfer of 
cash is required; the DOE pays its costs, 
and industry pays its costs; (2) collabora­
tions can be based on existing projects and 
programs at The Labs; and (3) confidential­
ity and intellectual property provisions can 
accommodate the need for project devel­
opments to be proprietary. 

The cost-share provisions of the 
CRADA make it more favorable for industry 
members who already are funding RD&D, 
and who therefore can use "in-kind" contri­
butions to satisfy the cost-sharing require­
ment . The CRADA mechanism can be 
used for a single company-single labora­
tory partnership, or for one that involves 
multiple companies and The Labs. A uni­
versity or other non-profit organization also 
can be a CRADA participant. 

The reviews on CRADAs are mixed. 
On one hand, as of January 1 9 ,  1 995, the 
DOE had initiated 1 , 1 57 CRADAs with a to­
tal value of over $2 billion. Sixteen percent 
of these are energy-related (not necessar­
ily oil and gas related) . On the other hand, 
identifying the suitable expert in one of The 
Labs and agreeing to a statement of wor k 
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may be the easiest part of establishing a 
CRADA. 

Other Mechanisms 

There is a wide range of other mecha­
nisms by which indtistry and government 
laboratories can participate in technical in­
teractions. 

Work for Others: Work performed by 
a laboratory for an industry sponsor that is 
fully funded by the industry. Results of such 
work may be proprietary and the sponsor 
owns rights to developed teclmology. The 
!�oratories are not allowed, by law, to pro­
Vlde services that are in direct competition 
with the private sector. 

DOE User Facilities: User facilities are 
unique, complex scientific facilities at The 
Labs that have been designated by DOE 
for use by the technical community includ­
ing private industry. User facilities require 
only an informal agreement between the 
industry user and the laboratory. propri­
etary research is permitted, title to patents 
is granted to the user, and out-of-pocket 
cost recovery may be required by the labo­
ratory. 

Personnel Exchanges: A temporary 
transfer of personnel, either from a private 
industry to a government laboratory or 
from a government laboratory to a private 
industry. to exchange expertise and infer­
mation. Costs are paid by the organization 
sending the personnel and generally no 
proprietary data are exchanged. Tempo­
rary personnel transfers have proven an ex­
tremely effective approach to teclmology 
transfer in industry. 

Consulting Agreements: An industry 
party; under a specific written contract, pro­
vides advice or information to a laboratory; 
or a laboratory party; with the approval of 
the subject laboratory. provides advice or 
information to a private industry. Intellec­
tual property conflicts must not exist. 

Licensing Agreements: The transfer of 
intellectual property rights to permit indus-
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try to use a teclmology on either an exclu­
sive or non-exclusive basis. 

Laboratory Subcontracts with Industry: 
A formal contract originated by a labora­
tory to fund a project with private industry 
as a contractor through a prescribed 
' 'Statement of Work' '  prepared by the labo­
ratory and specific deliverables. The work 
must be mission-driven and benefit the 
government. Patent rights belong to the 
laboratory and data protection and licenses 
can be negotiated. This can be an impor­
tant mechanism for· The Labs to gain cost­
effective access to facilities such as pilot 
plants for process development (not avail­
able within the laboratory system.) 

Laboratory Subcontracts with Universi­
ties: A formal contract originated by a lab­
oratory to fund a university as a contractor 
through a prescribed "Statement of Work" 
and specific deliverables. Results are avail­
able to the entire scientific community. 

Industry-Lab Visits: The informal and 
free exchange of information among indus­
try and government laboratory colleagues 
during visits to one anothers' facilities in­
cludes the presentation of technical semi­
nars. If proprietary information is to be 
disclosed,  a Proprietary Information 
Agreement can be executed. 

Technology Transfer Organizations 

There are two teclmology transfer or­
ganizations that will assist industry in iden­
tifying teclmologies that might solve partic­
ular problems ,  and sources of that 
technology within The Labs or in other 
government facilities. 

The Petroleum Technology Transfer 
Council (PTI'C) was formed in 1 993 by the 
independent sector of the oil and natural 
gas industry to improve the dissemination 
of exploration and production technology 
and technical information to domestic pro­
ducers , primarily independents .  The 
PITC's initial five-year effort is being par­
tially funded by DOE's oil and natural gas 
programs in the Office of Fossil Energy. Its 



rruss1on is: ( l )  to identify priority technical 
problems of producers and communicate 
them back to the RD&D community, and 
(2) to transfer upstream oil and gas tech­
nologies that will help domestic producers 
reduce costs, improve operating efficiency, 
increase ultimate recovery, enhance envi­
ronmental compliance, and add new oil 
and gas reserves. The PITC serves as an 
integrated clearinghouse for upstream oil 
and gas technology information to U. S. 
petroleum producers. 

The National Technology Transfer Cen­
ter (NITC) was created to help transfer the 
research performed in the federal laborato­
ries to U.S. businesses, to put leading edge 
technologies to work, and create new tech­
nologies and jobs. The NTTC's mission is 
far bro ader in scope than just the 
petroleum industry. However, inquiries and 
responses can relate to virtually any area of 
technology. Typically about 6 percent re-

• RD&D Contractors 

• Department of Energy 

• RD&D Consortia 

• Universities 

late to energy. NITC is funded by NASA 
and other federal agencies. 

ALTERNATIVE DEVELOPERS AND 
SUPPLIERS 

Specifically, who are alternative devel­
opers and suppliers, what roles might they 
play under industry's new paradigm for 
RD&D, and why would they choose to par­
ticipate? 

As illustrated in Figure 4- 1 , one sector 
of the industry is mainly concerned with 
technology development. This sector in­
cludes universities, DOE, and RD&D con­
sortia. These organizations recognize that 
their success is tied directly to the commer­
cial deployment and marketplace impact of 
technologies they develop. However, they 
are not in the business of selling the tech­
nology (or technology service) for profit. 
Because their success is so closely tied to 
the commercialization of the technology 

• Vendors 

• Consultants 

• Producer/Refiner 
In-House 
Technology Transfer 
Functions 

DEVELOPERS AND SU PPLI ERS 

"Suppliers" will be used here to describe organizations that seek earnings by delivering a 
technology-based service to customers in other organizations, or within their own organization. 

Figure 4-1 .  Developers and Suppliers of Technology. 
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developed, these organizations must pur­
sue a strategy of technology transfer in col­
laboration with the private sector. 

In contrast, there is a sector of the in­
dustry that both develops and supplies 
technology to the oil and gas industry (Fig­
ure 4- 1 ) .  This sector is mainly involved 
with creating corporate earnings by either 
delivering a technology-based service to 
customers or by using the technology in 
their own business. This sector includes 
service companies, vendors, and produc­
ers/refmers with in-house RD&D programs. 
Technology development for these organi­
zations provides a basis for increasing 
earnings and competitive advantage. They 
have the internal mechanisms and capabil­
ity to identify; prioritize, and bring to the 
marketplace the technology they develop. 

A third sector of the industry focuses 
on supplying technology (bringing the 
technology into practice) , but they rely on 
others to develop the technology: Organi­
zations in this sector include consultants, 
service companies, and vendors with no 
RD&D program funding. The financial 
health of these organizations depends di­
rectly on how well they supply appropriate 
technology to users of the technology: Pro­
ducers and refmers with no RD&D program 
funding are a special case in this sector. 
They are mostly users of technology; how­
ever, these organizations often have inter­
nal functions or staff that are charged with 
bringing the most appropriate technology 
into use in their organization's operations. 

Characteristics of Technology Devel­
opers and Suppliers: Organizations 
Exhibit Varied Roles and Motivations 

Thble 4-4 presents selected character­
istics of major technology developers and 
suppliers for advanced oil and gas tech­
nology: 

Private Sector 

The first three oil and gas industry sec­
tors shown in Thble 4-4 have historically in-
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vested in development of advanced tech­
nology to increase their economic margins 
and marketplace competitiveness. Produc­
ers use technology to reduce the cost of 
operations. In-house research supported 
by major producers has been targeted 
mainly to reduce costs of their individual 
company operations. Their mainline busi­
ness does not include supplying technol­
ogy broadly to the industry-at-large. In 
fact, only about a dozen of the major pro­
ducers, out of the more than 8,000 domes­
tic oil and gas producers, support in-house 
technology development programs. More 
than 50 percent of total U.S. oil and gas is 
produced by organizations with essentially 
no in-house RD&D programs. 

Refiners use technology to reduce the 
cost of operations or improve the product 
slate. Although some of the larger refiners 
have in-house research programs,  their 
mainline business does not include provid­
ing a technology base to the industry at­
large. In this respect, they are similar to 
producers. 

Service companies and vendors earn 
revenue in the oil and gas industry by sup­
plying advanced technology to users. They 
have a strong motivation to differentiate 
themselves from competitors through the 
effective application of advanced technol­
ogy, and the marketing of that technology 
capability to as large a market as they can. 
Consequently, proprietary ownership of 
technology advances is important to this 
sector. 

Private sector technology develop­
ment tends to skew toward the short term, 
with expectations for products within three 
years. The survey responses also indicate 
that private sector in-house RD&D tends to 
focus on the latter stages of research : 
product development, product demonstra­
tion, and technical service. However, the 
private sector will support selected longer­
term, higher-risk programs when the out­
comes of those programs are vital to future 
business interests. 



TABLE 4-4 

SELECTED CHARACTERISTICS OF DEVELOPERS AND SUPPLIERS 

Major Interest in Funding 
Sector Technology Source Comments 

Producers Improve Economic Margins, Sales Revenue RD&D Funded Mainly by Majors, 
Competitive Advantage RD&D Funds Address Both Inter-

national and Domestic Resources 

Refiners Improve Economic Margins, Sales of Refinery Impacted by Environmental Regula-
Increase Market Share Products tions that Define Fuel Performance 

Service Companies/ Improve Economic Margins, Sales Revenue Funds Address Both International and 
Vendors Increase Market Share Domestic Resources 

Federal Government Energy Security, Competitiveness, Taxes, Industry 
Standard of Living Cofunding 

- DOE Energy Availability; National Taxes, Industry Increasing Pressure to Secure 
Security, Economic Stability Cofunding lndustryCofunding, Current Debate 

on Role 

- MMS Resource Management Taxes, Industry Funds Mainly Not Research 
Cofunding Oriented 

- EPA Environment Taxes, Industry Funds Mainly Allocated to Support 
Cofunding Setting Regulations 

- NIST Future Social Benefits Taxes, Industry Focus is Not on Upstream O&G 
Cofunding Industry; Crosscutting Research 

State Government Economic Health Taxes (State & Limited Budgets, Emphasis on 
Federal), Industry T echnologyTransfer 
Cofunding 

- Geologic Survey Support State Industry State Funds, In- New Information on Geological 
dustryCofunding Aspects ofO&G Resources 

- RD&D Initiatives Support State Industry FederaVState Some Producing States (e.g., 
Revenue Texas, Oklahoma, New Mexico) 

Support Limited RD&D Activity 

Universities (State and Education, SupportStatelndustry State and Private Resource for Basic Research 
Private) Sector 

Gas Research Institute Natural Gas Availability and Gas Industry Technology Development and 
Dellverabillty; Economic Stakeholders: Technology Transfer; Mission 
Competitiveness of Natural Gas Producers, Pipe- EmphaslzesTechnologyTransfer 

lines, Distribution 
Companies and 
Consumers; In-
dustryCofunding 

Consultants Competitive Advantage Sales Revenue Mainly Practitioners of Advanced 
Technology 
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PuhUc: Sec:tol' 

Federal and state goverrunent organi­
zations invest in the development of tech­
nology that has implications to oil and gas 
industry operations. The Department of 
Energy serves as the major federal organi­
zation that supports RD&D directed at the 
oil and gas industry (see Thble 4-4) . Fed­
eral and state programs must rely on other 
organizations to deploy the technology 
they develop. 

Several other important federal and 
state government organizations that de­
velop technology are identified in Table 
4-4. In general, these other federal organi­
zations develop technology that addresses 
many industries , with some elements of 
their portfolio having implications to oil and 
gas operations. However, their efforts are 
not directed at the industry. The RD&D de­
liverables that are applicable are so-called 
"dual-use" technologies that are comple­
mentary to the more general mission that 
they pursue. 

Deparbnent of Enel'gy 

DOE efforts in advancing technologies 
are designed to use all domestic energy 
resources in ways that can promote eco­
nomic growth while maintaining the nation's 
commitment to environmental quality. 
DOE's Office of Fossil Energy has an inte­
gral role in this effort by fostering ad­
vanced, more efficient, and cleaner oil and 
gas technologies tlrrough a comprehensive 
research, development, and demonstration 
program that addresses technological bar­
riers from the reservoir through end use. 
The programs are coordinated through 
multiple sites. 2 

The natural gas RD &D program is 
comprised of the following four areas: Ex-

2 METC - Morgantown Energy Technology Center, 
Morgantown, West Vrrginia; PETC - Pittsburgh Energy 
Technology Center, Pittsburgh, Pennsylvania; BPO/NIPER 
- Bartlesville Project Office, Bartlesville, Oklahoma, Na­
tional Institute for Petrolemn and Energy Research; MSO ­
Metairie Site Office, Metairie, Louisiana. 
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ploration and Production, Delivery and 
Storage, Gas Processing, and Environ­
ment/Regulatory Impact. The gas program 
complements the natural gas-related activi­
ties at other DOE offices such as the Office 
of Energy Efficiency and Renewable En­
ergy; which is involved in end-use RD&D, 
and the Office of Energy Research, which is 
involved in fundamental geoscience and 
combustion RD&D. The oil RD&D program 
is comprised of activities that are grouped 
under the areas of Supporting Research, 
Field Demonstrations, Environmental Re­
search, and Processing. Supporting Re­
search includes Exploration and Drilling, 
Extraction, Reservoir Characterization, 
Technology 'Ihmsfer, and the Natural Gas 
and Oil Technology Partnership which co­
ordinates the Adva nced Computa tional 
'Iechnology Initiative. 

Thble 4-5 shows the FY95 budget for 
gas and petroleum technologies for DOE's 
Office of Fossil Energy (in millions of dol­
lars and percentages) as an example of the 
breakdown of work by performer. This is 
equivalent to about 1 .  5 perc ent of  the 
$7 .4 billion of DOE RD&D spending. 

State Gnel'nment 

State goverrunents are not major play­
ers in the allocation of financial resources to 
developing advanced technology. An infor­
mal telephone survey of major oil and gas 
producing states suggested that states allo­
cate less than $10  million nationally to inde­
pendent oil and gas technology programs. 
The objective of their investment is to pro­
vide either educational support or to pro­
vide ftmds that can enhance the economic 
environment for increased oil and gas busi­
ness activity in their state. In general, the 
products of their investment are limited in 
scope and targeted to issues that fall within 
their state borders. 

Pl'ivate Sec:tol' Consol'tia 

The Gas Research Institute (GRI) sup­
ports a significant RD&D program (annual 
budget of approximately $50 million) di-



TABLE 4-5 

FY 1 995 BUDGET FOR GAS AND PETROLEUM TECHNOLOGIES 
OFFICE OF FOSSIL ENERGY 

Oil Gas Total 

In-House Research $1 8.3 (22.5%) $2. 1 (7.3%) $20.4 (1 8.4%) 
(METC, PETC, NIPER) 

National Laboratories $1 4.2 (1 7.4%) $9.5 (33%) $23.8 (21 .5%) 
(Direct Funding and CRADAs) 

Industry/States/Universities $49.2 (60.2%) $1 7.3 (59.7%) $66.5 (60%) 
Total $81 .7 (1 00%) $29.0 (1 00%) $1 1 0.7 (1 00%) 

rected at natural gas exploration, produc­
tion, processing, and storage operations. 
GRI is funded by gas industry stakehold­
ers including producers , pipelines , gas 
distribution companies , and gas con­
sumers. Producers and service compa­
nies actively participate in the formulation 
and evaluation of the GRI program through 
an extensive network of advisory bodies 
comprised of technology and policy lead­
ers from the gas industry. Additionally, oil 
and gas industry organizations participate 
through cofunding of the development pro­
grams. 

More than ever, industry considers 
consortium RD&D organizations as an im­
portant component of their business strat­
egy. Industry-sponsored consortia can 
take a number of forms, including RD&D 
pools (CEA, DEA, PERF, Deepstar, POSC, 
university research centers, basic research 
cooperatives, and industry R&D institutes 
such as GRI). 

• Industry-sponsored consortia are 
formed to provide members with sev­
eral benefits , including sharing of 
costs and risks, improved technology 
transfer, and leveraging of scarce 
funds. 
- Because the consortia exist on be­

half of their supporters ,  there is 
marketplace incentive to be pro­
ductive . In short , in the new 

paradigm, consortia are treated as a 
business unit of the consortium sup­
porters .  Relevancy and value­
added focus is driven by the partic­
ipating members. 

- Industry-supported consortia are 
evaluated on their success in bring­
ing high impact technology to the 
marketplace. The sponsor's invest­
ment in the consortia must show a 
measurable positive return based 
on the application of the advanced 
technology. 

• Industry-sponsored consortia do not 
replace the industry's requirement for 
development of proprietary technol­
ogy or technology that addresses the 
unique needs of a single company. 

- In general, technology developed 
by the consortia is shared by the 
funding members. 

- Individual company goals are relin­
quished in consortium RD&D in lieu 
of consensus goals. 

SUMMARY 

As discussed in this chapter, the na­
ture of the technology programs supported 
by the different organizations varies con­
siderably, in both focus and time horizon. 
In general, those organizations competing 
in the private sector limit their time horizon 
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to the very near term (immediate to three 
years), and accordingly emphasize techni­
cal service and product development. In 
contrast, universities conduct very basic re­
search that is targeted to provide the tech­
nology base for future products. Charac­
teristic time horizons tend toward ten years 
or more. Federal and state funded technol­
ogy development lies somewhere between 
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these two end-points, with elements of their 
programs targeted toward basic research, 
technology development, and technology 
transfer. In general, programs supported 
by the federal or state governments will 
tend to emphasize the longer term , 
whereas partnerships and consortia sup­
ported by private funds will tend toward 
the shorter term. 
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APPENDIX A. 
REQUEST LETI'ER AND 
DESCRIPTION OF THE 

NATIONAL PETROLEUM COUNCIL 





The Secretary of Energy 
Washington , DC 20585 

Mr . Ray L .  Hunt 
C h a i rman 
Nat i on a l  Pet rol e um Counc i l  
1 62 5  K Street , N . W .  
Was h i ngton , DC 20006 

Dear Mr . Hunt : 

J u l y 2 7 , 1 994 

The Department of Energy ( DO E )  h a s  recen t l y  forwarded to  Congre s s  
and i nd u st ry a draft program pl an for t h e  Advanced Computat i on a l  
Technol ogy I n i t i at i ve .  Th i s  program i s  a key component of  the  
Admi n i strat i on ' s  Domes t i c  Natural  Gas  and  O i l I n i t i at i ve ,  rel eased 
l ast  December , and i s  part of  the ex i s t i ng Natural  G a s  and O i l 
Tec hnol ogy Partners h i p  ( Partners h i p ) operated by the Nat i onal  
Laboratori e s  and the Departmen t .  

The Partners h i p  i s  an expan s i on of the s ucce s s fu l  O i l Recovery 
Technol ogy Partners h i p ,  a Department funded p rogram i n i t i ated by 
the  Los Al amo s and Sand i a Nat i onal  L aborato r i e s  i n  1 988 . Two 
add i t i onal  l abs h ave s i nce been i ncorporated i n  f i s c a l  year 1 994 , 
and the  Partners h i p  wi l l  i ncl ude the rema i n i ng f i ve mul t i - p rogram 
l aboratori es  i n  f i scal  year 1 995 . 

The m i s s i on of the Partners h i p  i s  to s t i mul ate , fac i l i t ate , and 
coord i n ate the devel opment and tran s fer of technol ogy to the U . S .  
petrol e um i nd u s t ry t h rough techn i cal  i nteract i on s  and 
col l aborat i on s  w i t h  DOE ' s  Nat i onal  Laborator i e s . The Partners h i p 
has  four  areas  of focu s  or technol ogy areas . The Advanced 
Computat i on a l  Tec hnol ogy I n i t i at i ve addre s s e s  one s u c h  technol ogy 
area . Each focu s  area has  an i ndustry i nterface group , cal l ed a 
panel or forum , wh i ch i s  key to prov i d i ng t h e  i nd u s t ry - d r i ven 
aspect of  the Partners h i p .  

The Adv anced Computat i onal  Technol ogy I n i t i at i ve program i s  
de s i gned to  e n h ance , appl y ,  and tran s fer technol og i es devel oped 
w i t h i n  our Nat i onal  Laborator i e s to promote the compet i t i ven e s s  o f  
dome st i c  n atural  g a s  a n d  o i l compan i e s .  Spec i f i c a l l y ,  t h e  prog ram 
wi l l  red i rect the Nat i onal  Laborator i e s '  comput at i onal  
capabi l i t i es to  s upport the natural  gas  and  o i l i nd u s t ry and to  
accel erate the next revol ut i on i n  exp l orat i on ,  product i on ,  and 
proce s s i ng technol og i e s .  The underl y i ng goal s o f  t h e  Adv anced 
Computat i onal  Technol ogy I n i t i at i ve are to hel p producers f i nd and 
recover natural  gas and o i l at l ower costs  and to enhance and 
appl y techno l og i e s to i ncrease domest i c  prod uct i on .  

To e n s u re t h e  succe s s  of  the Adv anced Comput at i o n a l  Technol ogy 
I n i t i at i ve and other technol ogy programs i n  the Partners h i p ,  I am 
request i ng t h at t h e  Nat i onal  Petrol eum Counc i l  ( Counc i l )  conduct a 
st udy of researc h , devel opment , and demonst rat i on n eed s of t h e  
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natural gas  and o i l i ndustry .  Th i s  study shoul d anal yze the  needs 
of al l component s  of the i ndustry ,  con s i deri ng the  near- and l ong ­
term needs of  both  the upstream and down stream sectors . 
S i gn i fi cantl y ,  your study wi l l  serve as the foundat i on for the 
Partners h i p ' s  I ndustry Steer i ng Commi ttee , wh i ch prov i des program 
d i rect i on ,  and hel ps  set fund i ng al l ocat i on s  and other pri ori t i es .  

Th i s  i s  an i mportant study that , i n  my v i ew ,  deserves exped i ent 
but thoroug h atten t i on . As the i n i t i al fund i ng for Advanced 
Computat i onal  Technol ogy I n i t i at i ve proj ects become avai l abl e i n  
fi scal year 1 995  ( beg i nn i ng October 1 ,  1 994 } , I woul d ask that the 
Counc i l  establ i s h a schedul e that woul d prov i de an i nteri m report 
on the researc h , devel opment , and demon strat i on need s study before 
the end of the year , wi th the fi nal report as soon thereafter a s  
pos s i bl e .  

Than k you for your con t i n ued as s i stance on i s sues i mportant to the 
energy i ndustry .  

S i ncerel y ,  

-!h{(£� 



DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 

In May 1 946, the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/industry cooperation to the suc­
cess of the World War TI petroleum program. He felt that it would be beneficial if this close 
relationship were to be continued and suggested that the Secretary of the Interior establish 
an industry organization to advise the Secretary on oil and natural gas matters. 

Pursuant to this request, Interior Secretary J. A. Krug established the National Petroleum 
Council on June 18 ,  1 946.  In October 1 977,  the Department of Energy was established and 
the Council was transferred to the new department. 

The purpose of the NPC is solely to advise, inform, and make recommendations to the Sec­
retary of Energy on any matter, requested by the Secretary, relating to oil and natural gas or 
the oil and gas industries. Matters that the Secretary of Energy would like to have consid­
ered by the Council are submitted in the form of a letter outlining the nature and scope of 
the study: This request is then referred to the NPC Agenda Committee, which makes a rec­
ommendation to the Council. The Council reserves the right to decide whether it will con­
sider any matter referred to it. 

Examples of recent major studies undertaken by the NPC at the request of the Secretary of 
Energy include: 

• U.S. Arctic Oil & Gas ( 1 98 1 )  

• Environmental Conservation-The Oil & Gas Industries ( 1 982) 

• Third World Petrolewn Development: A Statement of Principles ( 1 982) 

• Enhanced Oil Recovery ( 1 984) 

• The Strategic Petrolewn Reserve ( 1 984) 

• U.S. Petrolewn Refining ( 1 986) 

• Factors Affecting U.S. Oil & Gas OuUook (1 987) 

• Integrating R&D Efforts ( 1 988) 

• Petrolewn Storage & Transportation ( 1 989) 

• Industry Assistance to Government ( 1 99 1 )  

• Short-Term Petrolewn OuUook ( l 99 1 )  

• Th e  Potential for Natural Gas in the United States ( 1 992) 

• U.S. Petrolewn Refining-Meeting Requirements for Cleaner Fuels and Refineries ( 1 993) 

• The Oil Pollution Act of 1 990-Issues and Solutions ( 1 994) 

• Marginal Wells ( 1 994) 

• Future Issues-A View of U.S. Oil & Natural Gas to 2020 ( 1 995) . 

The NPC does not concern itself with trade practices, nor does it engage in any of the usual 
trade association activities. The Council is subject to the provisions of the Federal Advisory 
Committee Act of 1 972 . 

Members of the National Petroleum Council are appointed by the Secretary of Energy and 
represent all segments of the oil and gas industries and related interests. The NPC is 
headed by a Chair and a Vice Chair, who are elected by the Council. The Council is sup­
ported entirely by voluntary contributions from its members. 
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NATIONAL PETROLEUM COUNCIL 

MEMBERSHIP 

Frederick H. Abrew 
President and 

Chief Executive Officer 
Equitable Resources,  Inc . 

Jacob Adams 
President 
Arctic Slope Regional Corporation 

Charles W. Alcorn, Jr. 
President 
Alcorn Production Company 

George A. Alcorn 
President 
Alcorn Exploration, Inc. 

Benjamin B. Alexander 
President and 

Chief Executive Officer 
Dasco Energy Corporation 

W. W. Allen 
Chairman of the Board and 

Chief Executive Officer 
Phillips Petroleum Company 

Robert J. Allison, Jr. 
Chairman and 

Chief Executive Officer 
Anadarko Petroleum Corporation 

Robert 0 .  Anderson 
Chairman of the Board 
Hondo Oil & Gas Company 

Philip F. Anschutz 
President 
The Anschutz Corporation 
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Robert G. Annstrong 
President 
Annstrong Energy Corporation 

0. Truman Arnold 
Chairman of the Board, President 

and Chief Executive Officer 
Truman Arnold Companies 

Keith E. Bailey 
President and 

Chief Executive Officer 
The Williams Companies, Inc. 

Ralph E. Bailey 
Chairman of the Board 
United Meridian Corporation 

D. Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 

William W. Ballard 
President 
Ballard and Associates, Inc. 

Roger C. Beach 
President and 

Chief Executive Officer 
Unocal Corporation 

Michael L. Beatty 
Attorney-at-Law 
Colorado Springs, Colorado 

Victor G .  Beghini 
President 
Marathon Oil Company 



Carlos C. Besinaiz 
President and 

Chief Executive Officer 
Besinaiz Oil and Gas,  Inc. 

David W. Biegler 
Chairman, President and 

Chief Executive Officer 
ENSERCH Corporation 

James B. Blackburn, Jr. 
Attorney-at-Law 
Blackburn & Carter, P.C. 

Edward A. Blair 
President and 

General Manager 
BHP Petroleum (Americas) Inc. 

Jack S. Blanton 
President and 

Chief Executive Officer 
Eddy Refining Company 

Carl E. Bolch, Jr. 
Chairman and 

Chief Executive Officer 
Racetrac Petroleum, Inc . 

John F. Bookout 
Former President and 

Chief Executive Officer 
Shell Oil Company 

Mike R. Bowlin 
Chairman of the Board, President 

and Chief Executive Officer 
Atlantic Richfield Company 

Donald R. Brinkley 
President and 

Chief Executive Officer 
Colonial Pipeline Company 

Frank M. Burke, Jr. 
Chairman and 

Chief Executive Officer 
Burke, Maybom Company, Ltd. 
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Michael D .  Burke 
President and 

Chief Executive Officer 
Tesoro Petroleum Corporation 

Charles William Burton 
Of Counsel 
Jones, Day, Reavis & Pogue 

0. Jay Call 
President of the Board of Directors 
Flying J Inc. 

Robert H. Campbell 
Chairman, President and 

Chief Executive Officer 
Sun Company, Inc. 

Jack Cardwell 
Chairman and 

Chief Executive Officer 
Petro PSC, L. P. 

Philip J. Carroll 
President and 

Chief Executive Officer 
Shell Oil Company 

R. D.  Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Merle C. Chambers 
President and 

Chief Executive Officer 
Axem Resources Incorporated 

Collis P. Chandler, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Chandler & Associates, Inc. 

Stephen D .  Chesebro' 
President and 

Chief Executive Officer 
Tenneco Gas 

Danny H. Conklin 
Partner 
Philcon Development Co. 
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Michael B. Coulson 
President 
Coulson Oil Co. 

Thomas H. Cruikshank 
Chairman of the Board and 

Chief Executive Officer 
Halliburton Company 

Keys A. Curry, Jr. 
Executive Vice President and 

Chief Operating Officer 
Destec Energy, Inc. 

George A. Davidson, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Consolidated Natural Gas Company 

Alfred C. DeCrane, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Texaco Inc. 

Claiborne P. Deming 
President and 

Chief Executive Officer 
Murphy Oil Corporation 

Robert E .  Denham 
Chairman and 

Chief Executive Officer 
Salomon Inc 

Kenneth T. Derr 
Chairman of the Board and 

Chief Executive Officer 
Chevron Corporation 

Edward T. DiCorcia 
Immediate Past President and 

Chief Executive Officer 
The UNO-VEN Company 

Cortlandt S. Dietler 
Chairman and 

Chief Executive Officer 
Associated Natural Gas Corporation 

David F. Dorn 
Chairman Emeritus 
Forest Oil Corporation 
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James W. Emison 
President 
Western Petroleum Company 

Richard D. Farman 
President 
Pacific Enterprises 

William L. Fisher 
Leonidas T. Barrow Chair in 

Mineral Resources 
Department of Geological Sciences 
University of Texas at Austin 

Lucien Flournoy 
President and 

Chief Executive Officer 
Flournoy Drilling Company 

Joe B. Foster 
Chairman, President and 

Chief Executive Officer 
Newfield Exploration Company 

Robert W. Fri 
President and 

Senior Fellow 
Resources For the Future Inc. 

H. Laurance Fuller 
Chairman, President and 

Chief Executive Officer 
Amoco Corporation 

Barry J. Galt 
Chairman and 

Chief Executive Officer 
Seagull Energy Corporation 

James A. Gibbs 
President 
Five States Energy Company 

James J. Glasser 
Chairman and 

Chief Executive Officer 
GATX Corporation 

F. D.  Gottwald, Jr. 
Vice Chairman 
Ethyl Corporation 



Gilbert M. Grosvenor 
Chairman of the Board 

and President 
National Geographic Society 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Robert D .  Gunn 
Chairman of the Board 
Gunn Oil Company 

Ron W. Haddock 
President and 

Chief Executive Officer 
FINA, Inc. 

John R. Hall 
Chairman and 

Chief Executive Officer 
Ashland Oil ,  Inc. 

Patricia M. Hall 
President 
National Association of Black 

Geologists and Geophysicists 

Frederic C.  Hamilton 
Chairman, President and 

Chief Executive Officer 
Hamilton Oil Company, Inc . 

Christine Hansen 
Executive Director 
Interstate Oil and Gas 

Compact Commission 

John P. Harbin 
Chairman of the Board, President 

and Chief Executive Officer 
Lone Star Technologies, Inc . 

Michael F. Harness 
President 
Osyka Corporation 
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Roger R. Hemminghaus 
Chairman and 

Chief Executive Officer 
Diamond Shamrock, Inc . 

Dennis R. Hendrix 
Chairman of the Board and 

Chief Executive Officer 
Panhandle Eastern Corporation 

Leon Hess 
Chairman of the 

Executive Committee 
Amerada Hess Corporation 

C. Paul Hilliard 
PresidenUOwner 
Badger Oil Corporation 

Jerry A. Howard 
Chairman of the Board, President 

and Chief Executive Officer 
AlaTenn Resources, Inc. 

Robert E .  Howson 
Chairman of the Board and 

Chief Executive Officer 
McDermott International, Inc. 

Roy M. Huffi.ngton 
Chairman of the Board and 

Chief Executive Officer 
Roy M. Huffi.ngton, Inc. 

Ray L. Hunt 
Chairman of the Board 
Hunt Oil Company 

James M. Hutchison 
President 
Copestone, Inc. 

Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

A. Clark Johnson 
Chairman and 

Chief Executive Officer 
Union Texas Petroleum Corporation 
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A. V. Jones, Jr. 
Partner 
Jones Company, Ltd. 

Jon Rex Jones 
Chairman 
EnerVest Management 

Company, L. C.  

Fred C. Julander 
President 
Julander Energy Company 

Peter H. Kelley 
President and 

Chief Operating Officer 
Southern Union Company 

Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

Charles G.  Koch 
Chairman and 

Chief Executive Officer 
Koch Industries, Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

Lee C. Lampton 
President 
Lion Oil Company 

Kenneth L. Lay 
Chairman and 

Chief Executive Officer 
Enron Corp. 

Virginia B. Lazenby 
Chairman and 

Chief Executive Officer 
Bretagne G .P. 

William I .  Lee 
Chairman 
Gralee Corp. 
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John H. Lichtblau 
Chairman and 

Chief Executive Officer 
Petroleum Industry Research 

Foundation, Inc. 

Thomas E. Love 
President 
Love's Country Stores, Inc. 

Ferrell P. McClean 
Managing Director 
J. P. Morgan & Co. Incorporated 

William T. McCormick, Jr. 
Chairman and 

Chief Executive Officer 
CMS Energy Corporation 

Frank A. McPherson 
Chairman and 

Chief Executive Officer 
Kerr -McGee Corporation 

Cary M. Maguire 
President 
Maguire Oil Company 

Patrick J. Maher 
Chairman and 

Chief Executive Officer 
Washington Gas Light Company 

Frederick R. Mayer 
President 
Petroro Corporation 

Jack L. Messman 
President and 

Chief Executive Officer 
Union Pacific Resources Company 

C. John Miller 
Chief Executive Officer 
Miller Energy, Inc. 

Claudie D. Minor, Jr. 
President and 

Chief Executive Officer 
Premier Energy Supply Corp. 



George P. Mitchell 
Chairman of the Board and 

Chief Executive Officer 
Mitchell Energy and 

Development Corp. 

John Thomas Munro 
President 
Munro Petroleum & 

Terminal Corporation 

John J. Murphy 
Chairman of the Board and 

Chief Executive Officer 
Dresser Industries, Inc. 

Mary Scott Nabers 
Austin, Texas 

Constantine S. Nicandros 
President and 

Chief Executive Officer 
Conoco Inc. 

J. Larry Nichols 
President and 

Chief Executive Officer 
Devon Energy Corporation 

Lucio A. Noto 
Chairman of the Board, President 

and Chief Executive Officer 
Mobil Corporation 

Raymond J. O'Connor 
Commissioner 
New York Public Service 

Commission 

Thomas D.  O'Malley 
Chairman, President and 

Chief Executive Officer 
Tosco Corporation 

C.  R. Palmer 
Chairman of the Board, President 

and Chief Executive Officer 
Rowan Companies, Inc. 
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Paul H. Parker 
Vice President 
Center for Resource Management 

Robert L. Parker, Sr. 
Chairman of the Board 
Parker Drilling Company 

James L. Pate 
Chairman of the Board and 

Chief Executive Officer 
Pennzoil Company 

T. Boone Pickens, Jr. 
Chairman of the Board and 

Chief Executive Officer 
MESA, Inc. 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Wm. Stuart Price 
President 
Denver Oil & Mineral Corporation 

Lee R. Raymond 
Chairman of the Board and 

Chief Executive Officer 
Exxon Corporation 

Oliver G .  Richard III 
Chairman, President and 

Chief Executive Officer 
The Columbia Gas System, Inc. 

Corbin J. Robertson, Jr. 
President 
Quintana Minerals Corporation 

Henry A. Rosenberg, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Crown Central Petroleum 

Corporation 

John R. Russell 
President 
Western Atlas International, Inc. 
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A. R. Sanchez, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Sanchez-O'Brien Oil and 

Gas Corporation 

G.  Henry M. Schuler 
Director 
Energy Program 
Center for Strategic and 

International Studies 

S .  Scott Sewell 
President 
Delta Energy Management, Inc. 

Bobby S .  Shackouls 
President and 

Chief Executive Officer 
Meridian Oil Inc. 

Scott D .  Sheffield 
President and 

Chief Executive Officer 
Parker and Parsley 

Petroleum Company 

Donald M. Simmons 
President 
Simmons Royalty Company 

Arthur L. Smith 
Chairman and 

Chief Executive Officer 
John S. Herold, Inc. 

Weldon H. Smith 
Chairman of the Board 
Big 6 Drilling Company 

Arlo G .  Sorensen 
President 
M. H. Whittier Corporation 

H. Leighton Steward 
Chairman, President and 

Chief Executive Officer 
The Louisiana Land and 

Exploration Company 
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Ross 0 .  Swimmer 
President and 

Chief Executive Officer 
Cherokee Nation Industries ,  Inc. 

Patrick F. Taylor 
Chairman and 

Chief Executive Officer 
Taylor Energy Company 

Richard E.  Terry 
Chairman and 

Chief Executive Officer 
Peoples Energy Corporation 

H. A. True, m 
Partner 
True Oil Company 

William 0. Turney, Jr. 
President 
Seven Oaks Corporation 

L. 0. Ward 
Owner -President 
Ward Petroleum Corporation 

Deas H. Warley III 
Chairman of the Board 

and President 
Midland Resources, Inc. 

Larry E. Williams 
President and 

Chief Executive Officer 
National Cooperative 

Refinery Association 

Mary Jane Wilson 
President and 

Chief Executive Officer 
WZI Inc. 

Charles C. Winn 
Chairman of the Board and 

President 
Winn Exploration Co. ,  Inc. 



Irene S .  Wischer 
President and 

Chief Executive Officer 
Panhandle Producing Company 

William A. Wise 
Chairman, President and 

Chief Executive Officer 
El Paso Natural Gas Company 

James D.  Woods 
Chairman of the Board, President 

and Chief Executive Officer 
Baker Hughes Incorporated 
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President 
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Research Associates 
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President 
Sooner Pipe & Supply Corporation 
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APPENDIX C 
STATISTICAL DATA ON THE 

OIL AND GAS INDUSTRY 





U.S. Energy Consumption Summary: 1 970=1993 

1 9 70 1 9 75 1 980 
U.S. Energy Consumption (Quads) 66.43 70.55 75.96 

Petroleum 29.52 32. 73 34.2  

Natural Gas 21 .79 1 9 .95 20.39 

Source. EIA Annual Energy ReVIew, 1 993, page 5. 

1 993 U.S. Energy Consumption by End-Use Sector 
Quadrillion BTUs 

To tal Percen t 
Industrial 30.77 36 .7 

Residential and Commercial 30.34 36 . 1  

Transportation 22.83 27.2 

Total 83.96 1 00.0 

Source: E IA Annual Energy ReVIew, 1 993, page 39. 

1 992 Consumption of Liquid Transportation Fuels 

Total Cars 
Fuel Consumption (Billion Gallons) 73.9 

Fuel Consumption (Quadrillion BTUs)• 22.83 9 .24 

Total 76.2 40.5 

1 985 1 990 1 993 
73.98 8 1 .26 83.96 

30. 92 33.55 33.77 

1 7.83 1 9 .3  20.79 

Buses Trucks 
0 . 9  58.0  

0 . 1 2  8.04 

0 . 5  35.2 

* Fuel consumption (gallons) data for cars was converted to BTUs usmg the heat content for 
gasoline: 5.253 million BTUs per barrel. Data for buses and trucks were converted using the heat 
content of distillate-fuel oil, 5.825 million BTUs per barrel. Source: EIA Annual Energy Review, 
1 993, page 341 .  

Source for fuel consumption data: Statistical Abstract of the United States, 1 994, Table No. 
1 024. 

1 993 Electric Utility Consumption of Fossil Fuels to Generate Electricity 

Total 01/ G a s  Coal 
Consumption to Generate Electricity (Quads) 20.71 1 .05 2 .74 1 6 . 92 

Total Consumption (Quads) 83.96 33.77 20.79 1 9 .63 

% of Total Consumption of Energy Source 24.67 3 . 1 0  1 3 . 1 8 86. 1 9 

Source: EIA Annual Energy ReVIew, 1993, page 237. 

U.S. Per Capita Energy Consumption: 1 970=1993 

1 9 70 1 9 75 1 980 1 985 1 990 1 993 
Per Capita Energy Consumption 

(million BTU) 327 35 1 . . 
Source: Stat1st1cal Abstract of the United States, 1994, Table No. 922 . 

327 31 1 326 326 
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Energy Consumption: 1970=1 993 

1 9 70 1 9 75 1 980 1 985 1 990 
Energy Consumption {thousand BTU) 

per $GDP 23. 1  21 .9  20. 1 1 7.3  1 6.6  . . 
Source: Statistical Abstract of the United States, 1 994, Table No. 922 . 

Motor Fuel Consumption and Motor Vehicle Efficiency 

Total Motor Fuel Average miles per gallon 
Consumption 

(Billion Gallons) Cars 

1 970 92.3 1 3.52 

1 992 1 32.9 21 .60 

Percent change +44.0 +59.8 
. . 

Source: Statistical Abstract of the United States, 1 994, Table No. 1 020 . 

1 993 U.S. Domestic Energy Production 
Quads 

To tal 0 11 G a s  Coal 

Trucks 

7.85 

1 0.84 

+38.0 

Nuclea r Hydro -
elec tric 

1 993 

1 6 .3 

Other 

Consumption 83.96 33.77 20.79 1 9 .63 6.52 3.06 0.20 {a) 

Domestic Production 65.81 1 6 .88 1 8.98 20.49 

Percent of Domestic 
Production 78.4 50 .0 91 .3 1 00 . . 

(a) Natural gas, petroleum products, electncity and coal coke • 

6.52 2 .76 0.1 8 {b) 

1 00 90.2 90.0 

(b) Electricity generated for distribution from wood, waste, geothermal, wind, photovoltaics, and solar 
thermal energy. Natural gas liquids included with oil. 

Source: EIA Annual Energy Review, 1 993, page 5. 

U.S. Oil and Gas Reserves. January 1 .  1 993 
Recoverable with current technology and prices 

Crude 011 
(Billion Barrels) 

Reserves 23.7 

Current Rates of Production 2.5 

Years Supply at Current Rates of Production 9.5 

Natural Gas 
(Trillion Cubic Feet) 

1 65.0 

1 8.4 

9 .0 

Sources: Reserves and current product1on data from EIA Annual Energy ReVIew, 1 993, pages 
1 29, 141 ,  1 89, and 287. Reserves do not include natural gas liquids. 
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Oil and Gas Prices Summary: 1 970=1993 
1 987 Dollars 

1 9 70 
Crude Oil Domestic First Purchase Price- 9.03 

U.S. Average ($/bbl) 

Leaded Reg. Gasoline-Retail ($/gal) 1 .01 4 

Unleaded Reg. Gasoline-Retail ($/gal) -

Fuel Oil-Retail ($/gal) 0.526 

Natural Gas-Wellhead ($/MCF) 0.48 

1 9 75 
1 5. 59 

1 . 1 52 

-

0.766 

0.89 

Source. EIA Annual Energy Revrew, 1 993, pp. 173, 183, 203. 

1 980 1 985 
30. 1 1 25.52 

1 .662 1 . 1 81 

1 .736 1 .273 

1 .358 1 . 1 1 5  

2 .22 2 .66 

Consumer Price Indexes for All Urban Consumers (CPI-U): 1 980=1 993 
1 00 = 1 982-1 984 averages. 

Item 1 980 1 985 

All Items 82.4 1 07.6 

Food and Beverages 86.7 1 05.6 

Housing 81 . 1  1 07.7 

Fuels and Other Util ities 75.4 1 06.5 

Fuel Oil 87.7 94.6 

Electricity 75.8 1 08.9  

Utility (piped) gas 65.7 1 04.8 

Household Furnishing and Operations 86.3 1 03.8 

Apparel and Upkeep 90.9  1 05.0 

Transportation 83. 1  1 06.4 

New Vehicles 88.4 1 06. 1 

Motor Fuel 97.4 98.7 

Automobile Maintenance 81 .5 1 06.8 

Automobile Insurance 82 .0 1 1 9. 2  

Medical Care 74.9 1 1 3.5 

Entertainment 83.6 1 07.9 

Tobacco and Smoking Products 72 .0 1 1 6 .7 

Personal Care 81 .9 1 08.3 

Personal and Educational Expenses 70.9 1 1 9 . 1  
. . 

Source: Statrstrcal Abstract of the Unrted States, 1994, Table No. 748 . 

1 990 

1 30.7 

1 32 . 1  

1 28 .5  

1 1 1 .6 

98.6 

1 1 7.4 

97.3  

1 1 3, 3  

1 24. 1 

1 20.5  

1 2 1 .0  

1 01 .2 

1 30 . 1  

1 77.9 

1 62 .8  

1 32.4 

1 8 1 .5  

1 30.4 

1 70.2 

1 990 1 993 
1 7.68 1 1 .47 

1 .0 1 4  -

1 .027 .892 

0 .938 0.733 

1 .5 1  1 .59 

1 993 Perc e n t  
Change 

1 44.5 75 

1 41 .6  63 

1 41 .2 74 

1 2 1 .3 6 1  

87.2 {1 ) 

1 26 .7  67 

1 06 .5  62  

1 1 9. 3  3 8  

1 33.7 47 

1 30.4 60 

1 31 . 5  4 9  

98.0 1 

1 45 .9  79 

2 1 6 .7 1 64 

201 .4  1 69 

1 45 .8  74 

228.4 2 1 7 

1 41 .5  73 

2 1 0 .7 1 97 
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RD&D ORDER FORM 

Please use the order form below, or a reproduction thereof, and return to the 
NPC with payment. 

.Approximate 
Report Volume Page Count 

Volume I - Summary 1 00 pages 
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Volume II - Industry Survey 200 pages 
Appendix 
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